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Studies  of  West  Indian  plants — IX 

Nathaniel  Lord  Britton 

52.    CLEOME  PROCUMBENS  Jacq.  AND  ITS  RELATIVES 

The  small,  simple- leaved  Cleomes  of  the  West  Indies,  form  an 
interesting  and  peculiar  group  of  the  genus,  very  different  in 
habit  and  aspect  from  the  large,  typical,  compound-leaved  ones. 
Seven  species  appear  to  be  represented. 

Annnals  or  biennials. 
Pedicels  filiform. 

Leaves  linear-oblong:  pod  subterete.  i.  C.  Sloamti, 

Leaves  filiform;  pod  compressed.  2.  C.  iuiamsnsis. 

Pedicels  very  short;  leaves  very  narrowly  linear.  3.  C.  sUnophyUa* 

Perennials  with  woody  roots. 

Pod  acute  or  acuminate;  leaves  linear  to  oblong,  acute  or 
acuminate. 
Leaves  acuminate;  pedicels  half  as  long  as  the  pods.  4.  C.  procumbiiu. 

Leaves  acute;  pedicels  as  long  as  the  pods  or  longer. 

Petals  about  4  mm.  long;    leaves  oblong  to  oblong- 
lanceolate.  5.  C.  Wrigktii, 
Petals  8-10  mm.  long;  leaves  narrowly  linear.                   6.  C.macrorhita^ 
Pod  obtuse;  leaves  ovate  or  elliptic,  obtuse  or  roundtnl.  7.  C  obtusa. 

I.    Cleome  Sloanei  IVban,  Symb.  Ant.  5:  347.     1907 

Grassy  and  sandy  places,  at  low  elevations,  southern  side  of 
Jamaica. 

This  species  is  referre<l  by  Fawcett  and  Rendlc,  as  previously 
by  other  authors,  to  C  procumhcns  Jac(].,  which  is,  ap[)arently, 
confined  to  Hispaniola. 

fThe  BVU-ETIN  for  Decern l>cr  (43:  601-^76)  \\as  iv>ued  January  10.  lyi?-! 
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2.   CLEOME.'(\ufiNeNsis  Aubl.  PI.  Guian.  2:  675.     1775 

.  ;      \        \  /.  •  •         . 

§€UiS^y\piAe  lands,   Pinar  del   Rio,   Cuba;    northern  South 

:.    •<•./••* 

Anaenca. 

3.   Cleome  stenophylla  Klotzsch;   Urban,  Symb.  Ant.  4:  251. 

1905 
Plains  at  low  elevations,  southern  and  southwestern  Porto 
Rico;  St.  Bart's;  Bonaire;  hillsides,  Curasao;  Guiana. 

4.   Cleome  procumbens  Jacq.  Stirp.  Am.  189.  pi.  120.    1763 

Hispaniola.  Erroneously  recorded  from  Cuba,  and,  appar- 
ently also  erroneously  referred  to  Jamaica,  as  Jacquin's  figure  of 
the  type  would  seem  to  represent  a  well-marked  species,  not 
collected  since  its  original  discovery. 

5.   Cleome  Wrightii  Urban,  Symb.  Ant.  5:  346.     1907 
Sandy  soil,  Pinar  del  Rio  and  Isle  of  Pines,  Cuba. 

6.   Cleome  macrorhiza  Wright;    Sauvalle,  Anales  Acad. 
Habana  5:  199.     1868 

Pine-lands,  Pinar  del  Rio,  Cuba. 

7.  Cleome  obtusa  sp.  nov. 

Perennial  by  a  slender  woody  root,  glabrous;  stems  numerous, 
prostrate,  simple  or  few-branched,  slender,  5-15  cm.  long.  Leaves 
ovate  or  elliptic,  4-6  mm.  long,  rounded  or  obtuse  at  the  apex, 
rounded  at  the  base,  the  midvein  prominent,  the  lateral  venation 
obscure,  the  petioles  1-2  mm.  long;  peduncles  slender  or  filiform, 
4-8  mm.  long;  sepals  obtuse,  2-2.5  i""^-  long;  petals  yellow, 
oblong  or  oblong-obovate,  obtuse  or  acutish,  3-4  mm.  long; 
stamens  about  two- thirds  as  long  as  the  petals;  filaments  filiform; 
style  about  i  mm.  long;  capsule  elliptic,  elHptic-obovate  or  oblong, 
compressed,  3-6  mm.  long,  2-2.5  ^i"-  wide,  obtuse  at  the  apex, 
somewhat  narrowed  at  the  base,  few-several-seeded. 

Dry  and  rocky  soil  in  palm-barrens  and  savannas,  Camaguey 
and  Santa  Clara,  and  in  sand  on  Cayo  Guayaba,  Cuba.  Type 
from  savannas  near  Camaguey  {Britton  &f  Cowell  13165).  Hither- 
to included  in  C,  Wrightii  Urban. 
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53.    CHAMAECRISTA  Moench  IN  THE  WEST  INDIES 
Type  species:  Chanuucrista  niciUans  (L.)  Moench. 

A.  SepaU  rigid,  tcarioui,  many-nerved  iJDiphyUae).  i.  C  diphylla, 

B.  Scpala  membrmnotu.  scarcely  nerved. 

a.  Proctrate  herbc.  the  flowers  on  filiform  peduncles. 

Leaflets  only  x  pair,  obovate;  stipules  cordate  (Rohmdi* 

foUcg),  3.  C.  roimndifoHa, 

Leaflets  3-7  pairs,  oblong  to  obovate;  stipules  lanceolate 

(POOfiM). 

Stems  pilose.  3.  C.  pUosa, 

Stems  appressed-pubescent.  4.  C  serpfns, 

h.  Erect,  ascending  or  rarely  prostrate  herbs  or  shrubs. 
I.  Mid  vein  of   the  leaflet    central  or  ezcentric,   not 
marginal. 
^  Shrubs,  with  coriaceous  or  subcoriaceous  leaves, 
t  Leaflets  many.  20-50  pairs,  linear;    stipules 

large;  stem  flexuous  (F/exaoioe).  5.  C./Uxuosa, 

ft  Leaflets  fewer,  a-xa  pairs,  oblong  or  obovate; 
stipules  small;   stem  not  flexuous  {Lineo' 
ta4), 
t  Foliage  densely  pubescent.  6.  C.  grammUa. 

tt  Foliage  glabrous  or  puberulent. 
I  Leafleu  dulL 
Leaflets  obovate  or  oblanceolate. 

Leaflets  a  or  3  pairs,  5  mm.  long  or 

less.  7.  C.  oUordaU, 

Leaflets  3~ii  pairs,  7-X5  mm.  long. 

Gland  sessile.  8.  C.  lineata. 

Gland  stalked.  9-  C,  graHulaia, 

Leaflets  oblong. 

Leaflets  acute,  cuspidate.  xo.  C.  pinelcrum, 

I^caflets  rounded  and  mucronulate 
at  apex.  ix.  C.  jamaictnsU, 

%%  LeaflcU  shining. 

Leaflcta  oblong,  or  the  upper  obovate. 
X.5    cm.    long   or    Iru,    strongly 
callous-  margined . 
I^eafleu    glabrouH;      gland     large. 

nearly  »c»sUe.  xa.  C.  porUtrictnsiM. 

Leafleuciliate:  gland  small,  stalked.  X3.  C.  Tu4rckMmH. 
Leaflets  elliptic  to  ovate  to  obovate. 
15-3    cm.    long,    not    calloua- 
mafKincd. 
Lraflrts  elliptic,  acute.  X4    C.  eoribata^ 

Lr^flets  ovate  to  obovate.  obtuse, 
retu^e.  or  mucronate. 
Leaflets     x-3     pairs.    ot>o\-ate. 

mostly  ret  use.  15.  C.  inagutnits. 
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Leaflets    4-9    pairs,    ovate    to 
ovate-oblong,  mostly  obtuse.    16.  C.  lueayana, 
^  Herbs    or    shrubs,    with    membranous    leaves 
{CUmdulosae). 
t  Flowers  large,  2-4  cm.  broad. 

Leaflets  villous  or  pubescent  beneath. 

Glands  elongated,  petiolar  and  also  often 
between  the  leaflets;  mid  vein  of  leaflets 
nearly  central,  the  lateral  veins  many.  17.  C.  glandulosa. 
Glands  short,  sessile,  petiolar  only;  mid- 
vein  of  leaflets  excentric,  the  lateral 
veins  few.  18.  C.  Dussii. 

Leaflets  glabrous  beneath. 

Leaflets  oblong  to  linear;  gland  stipitate.    19.  C  Swartmi. 
Leaflets  obovate  or  oblong;   gland  sessile 

or  stout-stipitate.  20.  C.  polyadena, 

ft  Flowers  small,  seldom  over  x  cm.  broad. 

t  Petiolar    glands    sessile,    or    very    short- 
stalked. 
Prostrate;  leaflets  4-^  pairs.  21.  C.  pygptaea. 

Erect  or  ascending;  leaflets  8  pairs  or  more. 

Plant  densely  hirsute  all  over.  22.  C.  paUUaria. 

Plants  glabrate  or  more  or  less  villous. 
Pod  black-banded  and  black-mar- 
gined. 23.  C.fasciata, 
Pod  not  black-banded. 

Leaflets  10-15   mm.  long,  the 

mid  vein  little  excentric  24.  C.  aeschinomemt. 

Leaflets  5-8  mm.  long,  the  mid- 
vein  very  excentric. 
Petals  6  mm.  long;    plant 

sparingly  short-pubescent.  25.  C,  savanmtrum* 
Petals  3  mm.  long;    plant 

villous.  26.  C.  micraniha* 

XX  Petiolar  glands  distinctly  stalked. 

Pod  3.5-4  mm.  broad;  pubescence  widely 

spreading.  27.  C.  riparia. 

Pod  3  mm.  broad  or  less. 

Petiolar  glands  often  2;  leaflets  oblong; 
plant  glabrous,  or  pubescent  only 
above.  28.  C.  mirabUis. 

Petiolar  gland  i;  leaflets  linear  or 
linear-oblong;  plant  pubescent  or 
villous.  29.  C.  Chamaecrisfo^ 

Midvein  of  the  leaflet  approximate   to  its  upper 

margin  {Strigillosae), 
Petiolar  gland  small,  subsessile. 

Leaves  sparingly  pubescent.  30.  C.  strigillosa* 

Leaves  densely  pilose.  31,  C.  adenospermSm 
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Petiolar  gland  sulked. 

Pod  glmbrottt  or  nearly  to.  3a.  C.  p€dicdLmiu 

Pod  ibort-pUoM.  33.  C  BucMi. 

1.  Chamaecrista  diphylla  (L.)  Greene,  Pittonia  4:  28.     1899 

Cassia  diphylla  L.    Sp.  PI,  376.     1753. 

Type  locality:  "In  India." 

Distribution:  Provinces  of  Santa  Clara,  Pinar  del  Rio  and 
on  Isle  of  Pines,  Cuba;  Hispaniola;  Porto  Rico;  recorded  by 
Grisebach  from  St.  Kitts  and  St.  Vincent;  continental  tropical 
America. 

2.  Chamaecrista  rotundifolia  (Pers.)  Greene,  Pittonia  4:  31. 

1899 

Cassia  rolundifoUa  Pers.  Syn.  i:  456.     1805. 
Cassia  bifoUata  DC;  Collad.  Cass.  120.     1816. 

Type  locauty:  South  America. 

Distribution:  Provinces  of  Santa  Clara  and  Pinar  del  Rio 
and  on  Isle  of  Pines,  Cuba;  Jamaica;  continental  tropical 
America. 

Illustration:  Collad.  Cass.  pi.  g. 

3.  Chamaecrista  pilosa  (L.)  Greene,  Pittonia  4:  28.     1899 

Cassia  pilosa  L.  Syst.  Ed.  10,  1017.     1759. 
Cassia  Milieri  Collad.  Cass.  132.     1816. 

Type  locality:  Jamaica  (Sp.  PI.  Ed.  2,  540). 

Distribution:  Province  of  Pinar  del  Rio  and  Isle  of  Pines, 
Cuba;  Jamaica;  northern  South  America. 

4.   Chamaecrista  serpens  (L.)  Greene,  Pittonia  4:  29.     1899. 

Cassia  serpemsL.  Syst.  Ed.  10.  1018.     1759. 

Type  locality:  Jamaica  (Sp.  PI.  Ed.  2,  541). 

Distribution:  Provinces  of  Havana  and  Pinar  del  Rio,  Cuba; 
Jamaica;  northern  South  America. 

5.  Chamaecrista  flkxlosa  (L.)  Greene,  Pittonia  4:  27.     1899 

Cassia  ftexuosa  L.  Sp.  PI.  379.     1753. 

Chanuucrista  amplistipulata    Rose,  Contr.  Nat.  Herb.   la:  267. 
1909. 
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Type  locality:  Brazil. 

Distribution:  Pinar  del  Rio  and  Isle  of  Pines,  Cuba;  con- 
tinental tropical  America. 

Illustration:  Breyn,  pL  23, 

6.   Chamaecrista  grammica  (Spreng.)  Pollard,  Field  Col.  Mus. 

Bot.  2:  47.     1900 

Cassia  grammica  Spreng.  Neue  Entd.  3:  55.     1822. 

Cassia  lineata  brachyloba  Griseb.  Mem.  Am.  Acad.  II.  8:  179. 

i860. 

Type  locality:  Maritime  regions,  Cuba  and  Hispaniola. 

Distribution:  Cuba  (according  to  Sprengel)  and  collected 
by  Wright  in  Oriente;  Hispaniola;  Porto  Rico;  Little  St.  James 
Island,  St.  Jan. 

The  plant  of  southern  Florida,  referred  to  this  species  by  Chap- 
man and  by  Small,  is  distinct,  according  to  the  studies  of  Dr. 
Pennell. 

7.  Chamaecrista  obcordata  (Sw.). 

Cassia  obcordata  Sw.;  Wikstr.  Vetensk.  Acad.  Handl.  1825:  429. 

1826. 

Type  locality:  St.  Bart's. 

Distribution:  St.  Bart's;  I  refer,  with  doubt.  Dr.  Boldinghs' 
No.  52888  from  St.  Martin  to  this  species,  which  he  recorded  as 
Cassia  polyadena  DC.  (Fl.  Nederl.  West  Ind.  211);  the  St.  Martin 
plant  is  more  nearly  related  to  C,  lineata  than  to  C.  polyadena. 
Bentham  indicates  the  same  affinity  for  the  plant  of  St.  Bart's 
(Trans.  Linn.  Soc.  27:  572).  No  modern  collections  have  been 
made  on  St.  Bart's;  it  lies  close  to  St.  Martin. 

8.   Chamaecrista  lineata  (Sw.)  Greene,  Pittonia  4:  31.     1899 

Cassia  lineata  Sw.  Prodr.  66.     1788. 

Cassia  cuneata  Griseb.  Cat.  PI.  Cub.  80.     1866.     Not  C.  cuneata 

DC. 

Type  locality;  Jamaica. 

Distribution:  Jamaica;  Cuban  provinces  of  Oriente,  Cam- 
aguey  and  Santa  Clara,  and  Isle  of  Pines;  Hispaniola;  Bahamas. 
Specimens  from  the  south  coast  of  Santa  Clara,  Cuba,  have 
puberulent  foliage. 
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9.  Chamaecrista  granulata  (Urban)  Britton,   Ann.  Missouri 
Bot.  Gard.  a:  41.     1915 

Cassia  portoriunsis  granulata  Urban,  Symb.  Ant.  i:  318.     1899. 
Chamaecrista  porioricensis  granulata  Cook  &  Collins,  Contr.  Nat. 

Herb.  8:  113.     1903. 

Type  locality:  Near  Salinas  de  Cabo  Rojo,  Porto  Rico. 

Distribution:  Southwestern  Porto  Rico;  Mona. 

10.  Chamaecrista  pinetorum  sp.  nov. 

Shrubby,  4  dm.  high,  or  higher,  the  branches  slender,  densely 
appressed-pubescent  with  brownish  hairs.  Stipules  linear-lanceo- 
late, striate,  long-acuminate,  4-6  mm.  long;  leaves  3-5  cm.  long, 
the  rachis  appressed-pubescent;  leaflets  9  pairs  or  fewer,  sub- 
coriaceous,  linear  to  linear-oblong,  10-15  ^^'  ^ong,  2-4  mm.  wide, 
glabrous  on  both  sides,  dull,  acute  and  cuspidate  at  the  apex, 
obliquely  rounded  at  the  base,  closely  pinnately  veined,  the 
prominent  midvein  nearly  central,  the  petiolar  gland  slender- 
stalked;  peduncles  filiform,  appressed-pubescent,  2-bracted,  about 
3  cm.  long;  sepals  lanceolate,  acuminate,  10-12  mm.  long;  petals 
obovate,  somewhat  shorter  than  the  sepals  or  as  long;  ovary 
appressed-pubescent. 

Pine  woods,  near  Constanza,  Santo  Domingo,  at  1,200  m.  alt. 
{Tuerckheim  2887). 

11.  Chamaecrista  jamaicensis  Britton,  Bull.  Torrey  Club  4a: 

515.     1915 
Type  locality:  South  slope  of  Long  Mountain,  Jamaica. 
Distribution:  Southern  side  of  Jamaica. 

12.  Chamaecrista  portoricexsis  (Urban)  Cook  &  Collins,  Contr. 

Nat.  Herb.  8:  113.     1903 

Cassia  porioricensis  Urban,  Symb.  Ant.  i:  317.     1899. 
Cassia  porioricensis  callosa  Urban,  Symb.  Ant.  i:  317.     1899. 
Chamaecrista  porioricensis  callosa  Cook  &  Collins,  Contr.   Nat. 

Herb.  8:  113.     1903. 

Type  LOCALITY :  Near  Guayanilla,  Porto  Rico. 

Distribution:  Southern  and  western  Porto  Rico. 
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13.  Chamaecrista  Tuerckheimii  sp.  nov. 

Shrubby,  with  a  deep  woody  root;  stems  slender,  villous- 
pubescent,  8-10  cm.  long.  Stipules  obliquely  ovate-lanceolate, 
acuminate,  striate,  2-3  mm.  long;  leaves  2-2.5  cni.  long,  the 
rachis  villous-pubescent;  leaflets  6  or  7  pairs,  linear-oblong,  to 
oblong-oblanceolate,  6-8  mm.  long,  about  2  mm.  wide,  ciliate, 
shining,  rounded  or  subtruncate  and  mucronulate  at  the  apex, 
obliquely  rounded  at  the  base,  pinnately  veined  with  the  promi- 
nent midvein  somewhat  excentric,  the  petiolar  gland  short- 
stalked;  peduncles  slender,  villous,  about  2  cm.  long;  sepals 
lanceolate,  acuminate,  villous,  7-8  mm.  long;  petals  obovate, 
about  twice  as  long  as  the  sepals;  legume  linear,  narrowed  at  both 
ends,  nearly  glabrous,  1.8  cm.  long. 

Near  Maniel  de  Ocoa,  Santo  Domingo,  in  fields,  300  m.  alt. 
(Tuerckheim  3680). 

14.  Chamaecrista  caribaea  (Northrop) 

Cassia  caribaea  Northrop,  Mem.  Torrey  Club  12:  39.     1902. 

Type  locality:  Fresh  Creek,  Andros,  Bahamas. 

Distribution:  Andros,  New  Providence  and  Cat  Island, 
Bahamas. 

Illustration:  Northrop,  loc.  ciU  pL  6. 

15.  Chamaecrista  inaguensis  comb.  nov. 

Cassia  inaguensis  Britton,  Bull.  N.  Y.  Bot.  Card.  3:  443.     1905. 

Type  locality:  Inagua,  Bahamas. 

Distribution:  Inagua,  South  Caicos,  Grand  Turk,  and 
Ambergris  Cay,  Bahamas. 

16.  Chamaecrista  lucayana  comb.  nov. 

Cassia  lucayana  Britton,  Bull.  N.  Y.  Bot.  Card.  4:  138.     1906. 

Type  locality:  Cay  north  of  Wide  Opening,  Exuma  Chain, 
Bahamas. 

Distribution:  Great  Bahama,  Cat  Island,  Conception,  Rum 
Cay,  and  Exuma  Chain,  Bahamas. 

17.  Chamaecrista  glandulosa  (L.)  Greene,  Pittonia4:  28.    1899 

Cassia  glandulosa  L.  Syst.  Ed.  10,  1017.     1759. 
Cassia  virgata  Sw.  Prodr.  66.     1788. 
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f  Cassia  stricta  Schrank,  Hort.  Monac.  x:  pi.  34,     1819. 
Chamaecrista  virgata  Greene,  Pittonia  4:  31.     1899. 

Type  locality:  Jamaica. 

Distribution:  Jamaica. 

Illustrations:  Bet.  Mag.  pL  3435;  Schrank,  loc.  cit. 

Linnaeus  included,  in  his  citations  of  synonyms  of  this  species, 
several  others,  but  his  description  of  it,  together  with  his  having 
received  a  Jamaica  specimen  from  the  collection  of  Patrick  Browne» 
prior  to  his  publication,  as  I  am  informed  by  Dr.  B.  Daydon 
Jackson,  Secretary  of  the  Linnaean  Society  of  London,  show  that 
the  name  is  to  be  restricted  to  the  Jamaica  plant.  Subsequent 
authors  have  confused  it  with  species  from  other  islands  and  from 
continental  tropical  America.  The  identity  of  Cassia  virgata  Sw. 
was  established  for  me  by  Mr.  William  Fawcett  at  the  British 
Museum  of  Natural  History.  Cassia  stricta  Schrank,  from  the 
illustration  and  the  Jamaica  habitat,  appears  referable  here,  but 
Schrank's  description  of  the  plant  is  not  altogether  conclusive; 
he  sacys  the  root  is  annual. 

18.  Chamaecrista  Dussii  sp.  nov. 

Perennial,  villous-pubescent,  erect,  simple,  5-9  dm.  high,  some- 
what woody.  Stipules  narrowly  lanceolate,  strongly  striate,  10- 
12  mm.  long;  leaves  5-7  cm.  long;  petiolar  gland  close  to  the 
lowest  leaflets,  scutelliform,  sessile,  slightly  concave,  nearly  i  mm. 
in  diameter;  leaflets  about  17  pairs,  linear,  pubescent  on  both 
sides,  10-18  mm.  long,  2-3  mm.  wide,  obtuse,  mucronate,  in- 
equilateral, the  midvein  excentric,  the  lateral  veins  few  and 
distant;  peduncles  4-6  mm.  long;  sepals  lanceolate,  acuminate, 
pubescent,  about  7  mm.  long;  petals  obovate,  8-10  mm.  long; 
pod  linear,  slighdy  curved,  villous-pubescent,  obliquely  short- 
tipped,  3  cm.  long,  5  mm.  wide. 

Guadeloupe  and  Martinique.  Type  from  Trou-Vaillant,  Par- 
nasse,  Martinique  {Pire  Duss  1121). 

19.  Chamaecrista  Swartzii  (Wickstr.) 

Cassia  Swartzii  Wikstr.  Vetensk.  Acad.  Hand!.  1825:  430.  1826. 
Chamaecrista  com plexa  Pollard,  Field  Col.  Mus.  Hot.  2:  47.     io(x>. 

Type  locality:  St.  Bart's. 

Distribution:  Porto  Rico;  Vicciues:  Culebra;  St.  Thomas; 
St.  Jan;  Tortob;  St.  Croix;  Saba;  St.  Bart's;  St.  Kitt's;  Dominica; 
Guadeloupe;  Grenada. 
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The  species  has  been  much  confused  with  the  Jamaican  C. 
glandulosa. 

20.  Chamaecrista  polyadena  (DC.) 

Cassia  polyadena  DC.  M6m.  Soc.  Hist.  Nat.  Gen,  2:  132.     1824. 

Type  locality:  Guadeloupe. 

Distribution:  Guadaloupe;  Dominica;  Martinique;  Barba- 
does. 

My  identification  of  this  species  is  based  on  my  examination  of 
the  type,  some  years  ago,  in  the  Candollean  herbarium  at  Geneva, 
Switzerland.  Notwithstanding  the  usually  sessile  petiolar  gland 
and  the  relatively  broader  leaflets,  I  am  not  confident  that  this 
species  is  distinct  from  the  preceding  one. 

21.  Chamaecrista  pygmaea  (DC.) 
Cassia  pygmaea  DC.  M6m.  Soc.  Hist.  Nat.  Gen.  2:  131.     1824. 

Type  locality:  Santo  Domingo. 

Distribution:  Hispaniola. 

Referred  by  Bentham  to  Cassia  procumbens  L.,  which  is  a 
synonym  of  C  nictitans  L.  of  continental  North  America,  as 
previously  indicated  by  me  (Bull.  Torrey  Club  43:  463). 

22.  Chamaecrista  patellaria  (DC.)  Greene,  Pittonia  4:  32. 

1899 

Cassia  patellaria  DC;  Collad.  Cass.  125.     1816. 

Type  locality:  Cayenne. 

Distribution:  Jamaica;  all  provinces  of  Cuba  and  on  the  Isle 
of  Pines;  continental  tropical  America. 

Illustration:  Collad.  Cass.  pL  16, 

23.  Chamaecrista  fasciata  Britton,  Bull.  Torrey  Club  37:  352. 

1910 

Type  locality:  Between  Bath  and  Cuna-Cuna  Gap,  Jamaica. 
Distribution:  Jamaica;   Cuban  provinces  of  Oriente,  Cam- 
aguey,  Santa  Clara  and  Havana. 

24.  Chamaecrista  aeschinomene  (DC.)  Greene,  Pittonia  4:  32. 

1899 

Cassia  aeschinomene  DC;  Collad.  Cass.  127.     1816. 
Chamaecrista  Millspaughii  Pollard,  Field  Col.  Mus.  Bot.  2:  47. 
1900. 
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Cassia  mimosoides  aeschynomene  Benth.  Trans.  Linn.  Soc.  ay:  579. 

1871. 

Type  locality:  Santo  Domingo. 

Distribution:  Jamaica;  all  provinces  of  Cuba;  Hispaniola; 
Porto  Rico. 

Illustration:  Collad.  Cass.  pL  17. 

25.  Chamaecrista  savannarum  Britton,  Bull.  Torrey  Club  43: 

463.     1916 
Type  locauty:  Near  Siguanea,  Isle  of  Pines,  Cuba. 
Distribution:  Savannas  and  pine-lands,  Pinar  del  Rio  and 
Isle  of  Pines,  Cuba. 

26.  CuAMAECRisTA  MiCRANTiiA  Britton,  Bull.  ToiTey' Club  43: 

463.     1916 

Type  locality:  Near  San  Pedro.  Isle  of  Pines,  Cuba. 

Distribution:  Pine-lands  and  savannas,  Pinar  del  Rio  and 
Isle  of  Pines,  Cuba.  Referred  by  Grisebach  to  Cassia  pygmaea 
DC. 

27.  Chamaecrista  riparia  (HBK.) 

Cassia  riparia  HBK.  Nov.  Gen.  6:  369.     1824. 

Type  locality:  Banks  of  the  Magdelena  River  near  Mompox. 

Distribution:  Jamaica;  province  of  Havana,  Cuba;  Grand 
Cayman;  Andros,  New  Providence  and  Eleuthera.  Bahamas; 
northern  South  America  and  recorded  from  Central  America. 

The  plant  of  the  Bahamas  was  referred  by  me  with  some  doubt 
(Bull.  N.  Y.  Bot.  Gard.  3:  443)  to  Cassia  aspera  Muhl.,  which  it 
closely  resembles,  except  in  the  petiolar  gland.  Cuban  and 
Jamaican  specimens  diflfer  from  the  Bahaman  in  having  the  gland 
somewhat  longer-stalked. 

I  have  not  been  able  to  study  an  authentic  specimen  of  C 
riparia.  Bentham's  record  of  it  as  West  Indian  was  based  upon 
a  plant  collected  in  Cuba  by  Liebmann,  preserved  in  the  Kew 
herbarium. 

28.   Chamaecrista  mir^viulis  Pollard,  Proc.  Biol.  SkK.  Wash.  15: 

Cassia  mirabilis  Urban,  Symb.  Ant.  4:  276.     1905. 
Type  locality:  Rio  Piedras,  Porto  Rico. 
Distribution:  Northern  coa>tal  plain  of  Porto  Rico. 
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29.  Chamaecrista  Chamaecrista  (L.) 

Cassia  Chamaecrista  L.  Sp.  PI.  379.     1753. 

Cassia  diffusa  DC.  M^m.  Soc.  Hist.  Nat.  Gen.  2:  130.     1824. 

Cassia  stnaragdina  Macf.  Fl.  Jam.  i:  347.     1837. 

Chamaecrista  diffusa  Britton,  Ann.  Missouri  Bot.  Gard.  2:  41. 

1915. 

Type  locality:  Curasao. 

Distribution:  Bahamas;  Jamaica;  Cuba;  ?  Hispaniola;  Porto 
Rico;  St.  Jan;  St.  Croix;  St.  Kitts;  Guadeloupe;  Grenada;  Curagao; 
Margarita. 

Illustrations:  Breyn,  pL  24;  Schrank,  Hort.  Monac.  pi.  33. 

The  species  has  been  much  confused  with  the  annual  C, 
nictitans  of  eastern  continental  North  America. 

The  recognition  of  the  plant  of  Curasao  as  typical  Cassia 
Chamaecrista  brings  C.  diffusa  into  its  synonymy. 

30.  Chamaecrista  strigillosa  (Benth.) 

Cassia  strigillosa  Benth.  Trans.  Linn.  Soc.  27:  581.     1871. 

Type  locality:  Cuba. 

Distribution:  Province  of  Oriente,  Cuba;  Santo  Domingo 
(according  to  Bentham).  Referred  by  Grisebach  to  Cassia 
serpens  L. 

31.  Chamaecrista  adenosperma  (Urban) 

Cassia  adenosperma  Urban,  Symb.  Ant.  5:  362.     1908. 

Type  locality:  Sierra  del  Palo  Quemado,  Santo  Domingo. 

Distribution:  Known  only  from  the  type  locality,  and,  to 
me,  only  from  the  description. 

32.  Chamaecrista  pedicellaris  (DC.) 

Cassia  pedicellaris  DC.  Prodr.  2:  504.     1825. 
Type  locality  :  Santo  Domingo. 
Distribution  :  Hispaniola. 

33.  Chamaecrista  Buchii  (Urban) 

Cassia  Buchii  Urban,  Symb.  Ant.  5:  361.     1908. 

Type  locality:  Near  Gonaives,  Haiti. 

Distribution:  Known  only  from  the  type  locality  and,  to  me, 
only  from  the  description. 
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54.    THE  GENUS  LEUCOCROTON  Griseb. 

A  Cuban  genus,  of  which  four  species  have  been  described. 
L.  Wrighlii  Griseb.  is  the  type  species. 

A.  Lcftvet  pinnatdy  veined. 
Lcmvc*  chartaceous. 

Pittillate  Inflorrscence  z-flowered  at  the  summit;  ttaml- 

nate  floweni  racemose.  z.  L.  Wrightii. 

Piatillate   flowers  racemose,   the   staminate   glomerate- 
spicate.  a.  l^Jhticans. 

Leaves  coriaceous.  Unearoblong  or  linear. 
Leaves  densely  whitish-scurfy  beneath. 

Leaves   strongly   revolute-margined,   not   reticulate- 
veined  beneath,  coarsely  reticulate- veined  above.       3.  L  rtwolutus. 
Leaves  slightly  revolute-margined.  strongly  reticulate- 
veined  beneath,  finely  reticulate-veined  above.  4.  L.  saxicola* 
Leaves  glabrous  on  both  sides. 

Leaves  mostly  founded  and  mucronulate  at  the  apex. 

dun.  6-10  mm.  wide.  5-  ^*  angusUfolius. 

Leaves  emarginate.  shining.  3-5  mm.  wide.  6.  L.  Untarifolius, 

B.  Leaves  palmately  5-veined.  7-  L.  vi/tns, 

1.  Leucocroton   Wrightii   Griseb.   Abh.    K6n.    Gesell.   Wiss. 

Getting.  9:  21.     i860 

Woodlands  and  banks  of  streams,  Oriente;  Pinar  del  Rio. 

2.  Leucocroton  flavicans  Muell.  Arg.  in  DC.  Prodr.  15*:  757. 

1866 

L.  flavicans  latifolius  Muell.  Arg.  loc.  cit.     1866. 
L.  flavicans  angustifolitts  Muell.  Arg.  loc,  cit.     1866. 

Serpentine  hillsides,  Matanzas,  Havana.  The  locality  of  C, 
Wright's  no.  1994  is  not  recorded. 

3.  Leucocroton   revolutus   Wright;   Sauvalle,   Anales   Acad. 

Habana  7:  154.     1870 

Known  only  from  the  type  locality  between  La  Mulata  and 
La  Palme,  Pinar  del  Rio. 

4.  Leucocroton  saxicola  sp.  nov. 

A  shrub,  1-33  m.  high,  much  brancht^J,  the  twi^s  short  ami 
stout.  Leaves  coriaceous  or  suhcoriaceous,  narrowly  oblong  or 
oblanceolate,  3-1 1  cm.  lonj^,  2  cm.  wide  or  less,  rounded  or  emar- 
ginate and  apiculate  at  the  a[x\x,  narrowed  at  the  base,  finely 
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reticulate-veined,  glabrous,  and  with  impressed  midvein  above, 
strongly  reticulate- veined,  minutely  scurfy  and  with  prominent 
midvein  beneath,  the  petioles  3-6  mm.  long;  staminate  flowers 
racemose-spicate  in  the  upper  axils,  the  inflorescence  2-3  cm.  long; 
bracts  lanceolate,  acute,  about  1.5  mm.  long;  pedicels  1-2  mm. 
long;  buds  subglobose,  lepidote,  i  mm.  in  diameter. 

Rocky  banks  and  hillsides,  mountains  of  northern  Oriente. 
Type  collected  at  Arroyo  del  Medio,  above  the  falls,  450-550  m. 
alt.  {Shafer  3466). 

Similar  to  L,  revolutus^  but  the  venation  of  the  leaves  is  quite 
different.  In  L.  revolutus  only  the  pistillate  inflorescence  is 
known ;  in  L.  saxicola  only  the  staminate. 

5.  Leucocroton  angustifolius  sp.  nov. 

A  much-branched,  spreading  shrub,  about  6  dm.  high,  the 
twigs  bearing  distant  leaf-scars.  Leaves  scattered,  coriaceous, 
glabrous,  linear  or  linear-oblong,  5-10  cm.  long,  13  mm.  wide  or 
less,  revolute-margined,  rounded  and  mucronulate  or  emarginate 
at  the  apex,  narrowed  at  the  base,  the  midvein  impressed  above, 
prominent  beneath,  the  primary  lateral  veins  numerous,  diverging 
at  nearly  right  angles  from  the  midvein,  both  surfaces  reticulate- 
veined,  the  petioles  4-6  mm.  long;  pistillate  flowers  solitary  at 
the  ends  of  clustered,  terminal,  slender,  scaly,  bracted  peduncles 
2-3  cm.  long;  bracts  lanceolate,  numerous,  acute,  ascending,  1.5 
mm.  long;  calyx-segments  lanceolate,  similar  to  the  bracts;  ovary 
depressed-globose,  obtusely  3-lobed,  lepidote;  styles  stout,  re- 
curved. 

Rio  Guayabo,  above  the  falls,  Oriente,  450-550  m.  alt.  {Shafer 
3626). 

6.  Leucocroton  (?)  linearifolius  sp.  nov. 

A  much-branched  shrub  about  6  dm.  high,  the  twigs  short, 
stiff,  covered  by  leaf-scars.  Leaves  densely  clustered  at  the  ends 
of  the  twigs,  coriaceous,  glabrous,  linear,  3-6  cm.  long,  3-5  mm. 
wide,  shining  on  both  sides,  emarginate  at  the  apex,  gradually 
narrowed  to  the  base,  short-petioled,  the  midvein  impressed 
above,  prominent  beneath,  the  lateral  veins  very  numerous  and 
close  together,  prominent  on  both  surfaces,  diverging  nearly  at 
right  angles  to  the  midvein,  simple,  or  forked;  staminate  flowers 
few,  in  short,  solitary  slender-peduncled  racemes  shorter  than 
the  leaves,  the  pedicels  filiform,  2  mm.  long,  the  bractlets  linear- 
lanceolate;  bud  of  the  staminate  flower  globose,  I  mm.  in  diameter. 

Rocky  bank  of  river  at  Camp  La  Barga,  Oriente,  450  m. 
alt.  (Shafer  4144). 
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7.  Leucocroton  virens  Griseb.  Nachr.  Gesell.  Wiss.  Getting. 

1865:  175 
Mountain  woodlands,  Oriente.    The  foliage  of  this  species  it 
very  different  from  that  of  the  others. 

55     PASSIFLORA   IN   CUBA 
Type  species:  Passiftora  incarnata  L. 

A.  Fkywen  subtended  by  3  large  foUaceout  bracti  (Geaka- 

doxa). 
BfBCta  united  below  the  middle;    leaves  ovate,  entire, 

membranous.  x.  P.  WMliformis. 

Bracu  distinct  to  the  base. 

Branches    sharply    4-ancled;     leaves    ovate,    entire. 

membranous.  a.  P.  quadrangmlatis. 

Branches  not  4-angled. 

Leaves  entire,  tubcoriaceous.  glabrous.  3>  P*  lamrifolia. 

Leaves  lobed  or  parted. 

Leaves  pedately  parted,  membranous,  pubea- 

cent.  the  segmenU  serrate.  4-  P«  ptdala. 

Leaves  obtusely  3-lobed,  glabrous,  the  lobes 

entire.  S»  P«  PdUns. 

B.  Flowers  subtended  by  small  or  pectinate-pinnatifid  bracts. 

or  bractless. 
I.  Flower-tube  cylindric  or  cylindric-campanulate;  corona 
not  plicate  [MueucujaI. 
Leaves  entire.  ovaU  to  elliptic  6.  P.  cuprea. 

Leaves  lobed  or  subtnmcate. 
Leaves  a-tobed  or  subtruncate. 

Leaves    membranous,    not    reticulate- veined. 

deeply  a-lobed.  the  lobes  acute.  7.  P,  niptnHs, 

Leaves  coriaceous,  reticulate-veined,  the  lobes 

obtuse  or  rounded,  or  apex  subtruncate.  8.  P.  fubensU, 

Leaves  3-lobed  at  the  apex.  9*  P'  Sk^eri. 

9.  Flower-tube    short    or   none;    corona    longitudinally 

plicate  (PLBCTaOSTESfMA). 

A,  Petals  none. 

Leaves  3-divkled.  the  segments  stalked.  3-cleft.  10.  P,  BttUrianc. 

Leaves  lobed  or  entire.  11.  P  pallida. 

B.  Petals  present. 

a.  Flowers  subtended  by  pinnntiAect  bracts. 

Leaves  membranous,  flaccid.  xa.  P.foeiida. 

Leaves  chartaceous. 

Plant  densely  velvety-pubeiwrnt.  13.  P.  ittsiyfyifotia. 

Plant*  glabrous,  usually  with  kome  stalked  glands.   14.  P.  pstttdoiiliata, 
I.  Bracts  small,  not  pcctinatr-pinnatituj. 

•  Pedumlp*  clonK»it«vJ.    i-H«mrr«'«i.   lon^rr   than   the 

leaves.  IS-  P.  ptnduli/lora. 
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**  Peduncles  much  shorter  than  the  leaves. 
Leaves  2-lobed.  mostly  broader  than  long. 

Flowers  solitary,  slender-peduncled,   3*4  cm. 

broad;  fruit  3-5  cm.  in  diameter.  16.  P.  rubra. 

Flowers  clustered  in  the  axils,  1.5-2  cm.  broad. 

very  short-pedunded.  the  pedicels  slender; 

fruit  about  8  mm.  in  diameter.  17.  P.  sexjtora. 

Leaves  entire  or  bluntly  3-lobed.  longer  than  broad. 

Leaves   oblong   or   oblong-lanceolate,    entire. 

rounded  at  the  base.  z8.  P,  muUiflora. 

Leaves  broadly  ovate,  obtusely  3-lobed.  mostly 
cordate  at  the  base.  19.  P.  holosericea. 

C.  Published  species  not  grouped. 

Leaves  ovate  to  elliptic,  dentate.  30.  P.  dasyadenia. 

D.  Known  only  from  foUage.    Leaves  deeply  3-lobed,  the 

lobes  dentate.  31.  A  plant  of  the  Isle 

of  Pines. 

I.  Passiflora  maliformis  L.  Sp.  PI.  956.     1753 

Type  locality:  Near  Port  de  Paix,  Santo  Domingo. 

Distribution:  Oriente,  collected  by  Wright: — Hispaniola  to 
Barbadoes;  Jamaica;  South  America.  Perhaps  not  indigenous 
in  Cuba. 

2.   Passiflora  quadrangularis  L.  Syst.  Ed.  lo,  1248.    1759 

Type  locality:  Jamaica. 

Distribution:  Uncommon  at  Santiago  de  las  Vegas  {Van 
Hermann  616) : — Native  of  Nicaragua;  widely  cultivated  in  tropical 
America,  and  locally  spontaneous. 

3.  Passiflora  laurifolia  L.  Sp.  PI.  956.    1753 

Type  locality:  Surinam. 

Distribution:  Thicket,  upper  valley  of  the  Rio  Navas, 
Oriente  (Shafer  441 1): — native  from  St.  Thomas  and  St.  Jan  to 
Trinidad  and  South  America.  Spontaneous  after  cultivation  in 
Hispaniola  and  Jamaica. 

4.  Passiflora  pedata  L.  Sp.  PI.  960.     1753 

Type  locality:  Santo  Domingo. 

Distribution:  Woods  and  thickets,  Santa  Clara,  Pinar  del 
Rio: — Hispaniola;  northern  South  America. 
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5.   Passiflora  fallens  Poepp.;  Masters  in  Mart.  FL  Bras.  13*: 
567. />/.  128  J.  4.     1872 

Type  locality:  Cuba. 

Distribution:  Thickets,  Havana,  Pinar  del  Rio: — Florida; 
Venezuela. 

Recorded  by  Grisebach  and  by  Sauvalle  as  P.  stipulata  Aubl. 

6.  Passiflora  cuprea  L.  Sp.  PI.  955.     1753 

Type  locality:  New  Providence,  Bahamas. 
Distribution:  Near    Baracoa,    Oriente;    cays   of   northern 
Camaguey : — Bahamas. 

7.  Passiflora  nipensis  sp.  nov. 

Glabrous,  glandless,  slender,  8  dm.  long  or  longer.  Leaves 
cuneate,  2-lobed  to  the  middle  or  beyond,  1.5-3  ci^-  long,  rather 
strongly  3-nerved,  the  nerves  impressed  above,  prominent  be- 
neath, excurrent,  the  secondary  venation  sparse  and  slender,  the 
lobes  lanceolate,  acute,  the  slender  petioles  2.5-5  mm.  long; 
tendrils  filiform,  2-4  cm.  long;  peduncles  solitary  or  geminate  in 
the  axils,  10-14  mm.  long;  fruit  globose,  dark  blue,  about  1.5  cm. 
in  diameter;  seeds  oblong,  transversely  ridged,  about  3  mm.  long. 

Open  dry  situations  in  pine  lands,  Sierra  Nipe  near  Woodfred, 
Oriente,  500-650  m.  alt.  (Shafer  JSS4)' 

8.  Passiflora  cubensis  Urban,  Symb.  Ant.  3:  326.     1902 

Passiflora  coriacea  A.  Rich,  in  Sagra,  Hist.  Cub.  10:  288.     1845. 

Not  Juss. 

Type  locality:  Cuba. 

Distribution:  Serpentine  barrens,  savannas  and  coastal 
thickets,  Oriente,  Camaguey,  Santa  Clara,  Havana.     Endemic. 

Referred  by  Grisebach  to  P.  murucuja  L.  and  to  P.  oblongata 
Sw.    The  species  is  variable  in  leaf-form. 

9.  Passiflora  Shaferi  sp.  nov. 

A  glabrous  vine,  about  2  m.  long.  Leaves  thin,  elliptic- 
obovate,  4-5  cm.  long,  bluntly  and  shallowly  3-lobed  at  the  af)ex, 
rounded  or  obtuse  at  the  base,  strongly  3-nerved,  each  nerve 
extending  to  a  lobe  and  scarcely,  if  at  all,  excurrent,  with  2  weaker 
short  basal   nerves,   both   surfaces  reticulate- veined,   the   upper 
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surface  somewhat  shining,  the  lower  dull,  the  glandless  |>etioIes 
4-7  mm.  long;  peduncles  mostly  2  together  in  the  axils,  1-2  cm. 
long;  bractlets  subulate,  1.5-2  mm.  long;  flowers  about  3  cm, 
long,  red,  the  tube  cylindric,  1-1.5  cm.  long;  fruit  subglobose, 
about  I  cm.  in  diameter. 

Between  Navas  and  Camp  Buena  Vista,  Oriente,  at  650  m. 
alt.  {Shafer  4466). 

10.   Passiflora  Berteriana  Balb.;    DC.  Prodr.  3:  325.     1828 

Type  locality:  Santo  Domingo. 

Distribution:  Recorded  by  Grisebach  as  collected  in  Cuba 
by  Wright: — ^Santo  Domingo. 

11.  Passiflora  PALLIDA  L.  Sp.  PI.  955.     1753 

Passiflora  minima  L.  Sp.  PI.  959.     1753. 
Passiflora  suberosa  L.  Sp.  Pi.  958.     1753. 
Passiflora  hirsute  L.  Sp.  PI.  958.     1753. 
Passiflora  angustifolia  Sw.  Prodr.  97.     1788. 
Passiflora  hederacea  Cav.  Diss.  10:  448.     1790. 

Type  locality:  Santo  Domingo. 

Distribution:  Banks,  thickets  and  hillsides,  all  provinces 
and  Isle  of  Pines: — Florida;  Bermuda;  West  Indies  and  tropical 
continental  America.  The  many  races  differ  in  leaf-form  and 
pubescence. 

12.  Passiflora  foetida  L.  Sp.  PI.  959.     1753 

Type  locality:  Dominica. 

Distribution:  Thickets  and  roadsides,  Oriente,  Havana, 
Pinar  del  Rio,  Isle  of  Pines: — West  Indies;  continental  tropical 
America;  Old  World  tropics. 

13.    Passiflora  gossypifolia  Desv.  in  Hamilt.  Prodr.  PI.  Ind, 

Occ.  48:  1825 

P,  foetida  gossypifolia  Masters  in  Mart.  Fl.  Bras.  13^:  582.     1872. 

Type  locality:  Not  cited,  presumably  West  Indian. 

Distribution:  Dry  hillsides,  southern  Oriente: — continental 
tropical  America. 
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14.  Passifiora  pseudociliata  sp.  nov. 
?  Passifiora  ciUata  polyadena  Griseb.  Cat.  PI.  Cub.  285.     1866. 

Herbaceous,  glabrous,  2  m.  long  or  less.  Leaves  membranous, 
but  not  flaccid,  variously  3-lobed,  or  sometimes  5-lobed,  2-8  cm. 
broad,  bearing  few  or  many  slender-stalked  glands,  or  glandless, 
the  lobes  oblong,  acute  or  obtuse,  few-toothed  or  entire,  the 
slender  petioles  1-5  cm.  long;  p)eduncles  solitary  in  the  axils, 
longer  than  the  petioles,  sometimes  nearly  as  long  as  the  leaves; 
bracts  pecdnate-pinnatifid;  flowers  blue,  4-6  cm.  broad;  petals 
narrowly  oblong,  blunt;  crown-processes  filiform,  much  shorter 
than  the  petals;  fruit  inflated,  bladdery,  ellipsoid  or  subglobose, 
red,  3-6  cm.  long,  short-stipitate,  longer  than  the  bracts. 

Barren  hillsides  and  coastaf  thickets,  Camaguey,  Santa  Clara, 
Matanzas,  Havana,  Pinar  del  Rio. 

Type  from  rocky  soil  in  savanna  near  Camaguey  (Britton  Gf 
Cou^l  13155)' 

Referred  by  Grisebach  to  P.  ciliata  Ait.,  and  by  Combs  to 
P.  foetida  L. 

Specimens  from  the  Sierra  Nipe,  Oriente,  with  large  leaves  and 
fruit  {Shafer  3081,  3618)  are  doubtfully  referred  to  P.  ciliata  Ait., 
but  they  do  not  show  the  bracts,  which,  in  P.  ciliata  of  Jamaica, 
are  as  long  as  the  fruit  or  longer. 

15.   Passiflora  penduliflora  Bert.;  DC.  Prodr.  3:  326.     1828 

Type  locality:  Jamaica. 

Distribution:  Coastal  woods  and  thickets,  Oriente,  Cam- 
aguey : — Jamaica. 

16.   Passiflora  rubra  L.  Sp.  PI.  956.     1753 

TVpe  locality:  Martinique. 

Distribution:  Banks  and  thickets  at  lower  and  middle  eleva- 
tions, Oriente,  Camaguey,  Santa  Clara,  Matanzas,  Havana: — 
West  Indies;  continental  tropical  America. 

The  Passiflora  pubcscens  HBK.,  retordiMj  as  Cuban  by  A. 
Richard,  is,  presumably,  this  species. 

17.   Passiflora  sexflora  Ju^s.  Ann.  Mus.  Paris  6:  no.  pi.  jy, 

/.  /.     1H05 
Type  locality:  Santo  Domingo. 
Distribution:  Thickets  and  hillsides.  Oriente,  Santa  (Mara: — 


Digitized  by  VjOOQIC 


20  Brixton:  Studies  of  West  Indian  plants 

Florida;  Jamaica;  Hispaniola;  Porto  Rico;  recorded  from  St.  Kitts; 
Mexico  and  Central  America. 

i8.  Passiflora  multiflora  L.  Sp.  PI.  956.     1753 

Type  locality:  Near  Port  de  Paix,  Santo  Domingo. 

Distribution:  Rocky  banks  and  coastal  thickets,  Oriente, 
Camaguey,  Santa  Clara,  Pinar  del  Rio,  Isle  of  Pines: — Florida, 
Bahamas;  Hispaniola  to  Tortqla;  recorded  from  Costa  Rica. 

19.  Passiflora  holosericea  L.  Sp.  PI.  958.     1753 

Passiflora  reticulata  C.  Wright;  Sauvalle,  Anales  Acad.  Habana  6: 

96.     1869. 

Type  locality:  Vera  Cruz  [Mexico]. 

Distribution:  Rocky  hillsides  and  coastal  thickets,  Matan- 
zas,  Pinar  del  Rio: — Mexico. 

20.  Passiflora  dasyadenia  Urban,  Symb.  Ant.  3:  328.     1902 

Type  locality:  Near  El  Aji  [Oriente]. 

Distribution:  Type  locality  and  collected  also  on  the  Sierra 
de  Anafe,  Pinar  del  Rio  {Wilson  &  Leon  11534);  flowers  of  both 
the  Oriente  and  the  Pinar  del  Rio  plant  are  unknown. 

21.   Passiflora 

A  high  climbing,  sparingly  pubescent  vine.  Petioles  slender, 
2-4  cm.  long,  bearing  2  small  glands  below  the  middle;  leaves 
subchartaceous,  deeply  3-lobed,  subtruncate  at  base,  10  cm.  long 
or  less,  the  oblong  lobes  1-3  cm.  wide,  acute,  dentate,  loosely 
reticulate- veined. 

Coastal  plain,  San  Juan,  Isle  of  Pines  {Britton  &f  Wilson  13476). 

Passiflora  incarnata  L.  of  eastern  continental  North  America 
is  recorded  by  A.  Richard  (Sagra,  Hist.  Cub.  10:  289)  as  having 
been  found  in  Cuba,  but  I  have  no  other  evidence  of  its  occurrence 
there. 

56.   RONDELETIA   IN   CUBA 

Type  species:  Rondeletia  americana  L. 

A.  Capsule  globose  to  globose-pyriform. 

I.  Inflorescence  terminal  or  terminal  and  axillary. 
a.  Twigs  strigose. 

C3rme8  several-many-flowered;   leaves  elliptic  to 

ovate-elliptic,  3-8  cm.  long.  i.  R,  odorata. 
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Peduncle*  x-3-flowered;  lea  vet  oblong,  s-20  mm. 
long. 
k,  Twift  glabroiui  or  puberulent. 

♦  Pedicels  very  slender  or  filiform. 

t  Leaves  small,   x-a.s  cm.  long;    peduncles 
I-  to  few-flowered. 
Calyx-lobes  dilated  above. 

Leaves  ovate,  rounded  or  subcordate  at 

the  base;  calyx-lobes  little  dilated. 
Leaves  oblong,  oval  or  obovate,  nar- 
rowed  or   obtuse   at   the   base; 
calyTE-lobes  much  dilated. 
Wholly  glabrous;  petioles  i-a  mm. 

long. 
Petioles  dliate.  4^  mm*  long. 
Calyx-lobes  linear  or  subulate,  not  dilated. 
Foliage  puberulent. 
Foliage  glabrous, 
ft  Leaves  up  to  7  cm.  long;    inflorescence 
several-  to  many-flowered. 
^  Pedicels  stout,  short, 
t  Leaves  petioled. 

Capsule  subglobose  or  short-pyriform. 
Corolla  densely  silky-pubescent. 
Corolla  glabrous  or  with  a  few  scattered 
hairs. 
Calyx-teeth  deltoid,  minute. 
Caljrx-teeth  ovate  or  oblong. 

Petioles  slender;    capsule  sub- 

globose. 
Petioles  stout;  capsule  subpyri- 
form. 
Capsule  oblong,  about  twice  as  long  as 
thick;  leaves  elongated,  petioled. 
ft  Leaves  sessile,  oblong-oblanceolate;  capsule 
short-pyriform. 
s.  Inflorescence  axillary  or  lateral. 

a.  Peduncles  elongated,  of  trn  as  long  as  the  leaves  or 
kmger. 
Leaves  sessile,  cordate.  5-8  cm.  long. 
Leaves  petioled.  3-5  cm.  long. 
Petioles  about  a  mm.  long. 
Petioles  8-xa  mm.  long. 

Stipules  triangular,  obtuse;   leaves  obtuse 

or  rounded  at  the  ba4e. 
Stipules  iinear-iubulate.  broadened  below; 
leaves  rounded  at  the  base. 
k.  Peduncles  short,  much  shorter  than  the  leaves. 

*  Leaves   memhranout   to   chartatTOui;    inflor- 

escence   moHtly   lew-   to   several -flowered, 
rarely  i-flowerr<i. 


3.  R.  micropk^. 


S.  R.  SlurftH. 


4.  R.  p^dunadmU. 

5.  R>  pockypkyUa. 

6.  R.  p4di€4aarit. 

7.  H.  alaUmoidm, 

8.  R.  tub^iabra. 


9.  R.  bracky€atpa, 

II.  R.  oagajlata, 
13.  R.  €QM€tta€folia^ 
13.  R^faUicoia. 
14-  R-  yomMri4nsis, 

1$.  R,  corrsifolia. 
16.  R.  UmUmam^. 

X  7.  R'  nimanimsa. 
18.  R.  Ltomi, 


Digitized  by 


Google 


22  Brixton:  Studies  of  West  Indian  plants 

t  Leaves  faintly  reticulate-veined  beneath  or 
not  reticulate-veined. 
Leaves  glabrous,  or  merely  puberulent,  the 

venation  obscure.  xp.  R.  chatnaebuxifolia. 

Leaves  densely  strigose-pubescent  beneath. 

pinnately  veined.  20.  R,  iniermixta. 

tt  Leaves  strongly  reticulate-veined  beneath. 
X  Leaves  ovate  to  elliptic. 
Leaves  rounded  at  the  apex. 

Calyx-lobes  triangular;  leaves  4  cm. 

long  or  less,  the  petioles  stout.        21.  R,  lomensis. 
Calyx-lobes  ovate-oblong;   leaves  2 
cm.    long   or   less,    the    petioles 
slender.  22.  R,  baracoensis. 

Leaves  acute  or  acutish  at  the  apex; 
inflorescence  subcapitate. 
Inflorescence  subsessile.  23.  R.  rigida. 

Inflorescence  manifestly  pedunded.    24.  R.  nipensis, 
tt  Leaves  oblong. 

Calyx-lobes  linear,  linear-lanceolate  or 
ovate,  acute  or  acutish. 
Leaves  i  cm.  long  or  less.  25.  R.  Rugelii. 

Leaves  1.5-6  cm.  long.  26.  R.  Combsii, 

Calyx-lobes  broadly  ovate,  rounded  or 
obtuse. 
Leaves  tomentulose  beneath.  27.  R.  camarioca. 

Leaves  strigose  on  the  veins  beneath.  28.  R.  insular  is. 
^♦Leaves  coriaceous,   mostly   small;    peduncles 
mostly  I -flowered. 
X/eaves  elliptic  to  orbicular,  obtuse  or  rounded. 

ieaves  silvery-puberulent  beneath.  29.  R.  savannarum. 

Leaves  tomentose  beneath. 

Leaves  elliptic,  1.5-2  cm.  long;   calyx- 
lobes  linear-lanceolate,  acuminate.        30.  R,  venosa. 
Leaves   oval   or  orbicular,    5-15   mm. 

long;  calyx-lobes  oblong,  obtuse.  31.  R,  hypoUuca. 

Leaves  oblong,  acute  or  acutish. 

Leaves  glabrous,  green  both  sides.  32.  R,  vacciniifolia. 

Leaves  white- tomentulose  beneath,  dark- 
green  and  glabrous  above.  33.  R.  hicolor. 

B,  Capsule  linear-oblong,  2  cm.  long;  inflorescence  terminal.  34.  R.  tinifolia. 

C.  Species  not  grouped.  35-  R-  camagueyensis, 

I.   RoNDELETiA  ODORATA  Jacq.  Enum.  PL  Carib.  16.     1760 

R.  speciosa  Lodd.  Bot.  Cab.  19:  pL  iSqj.     1832. 

Type  locality:  Coastal  thickets,  Havana  [Jacquin,  Sel.  Stirp. 

59]. 
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Distribution:  Hillsides  and  thickets  at  lower  and  middle 
elevations,  Santa  Clara,  Matanzas,  Havana,  Pinar  del  Rio. 
Recorded  by  Richard  from  Oriente.  Recorded  from  Mexico. 
Cultivated  for  ornament. 

2.  RoNDELETiA  MiCROPHYLLA  Griseb.  Cat.  PI.  Cub.  127.     1866 

Type  locality:  Western  Cuba. 

Distribution:  River-banks,  Pinar  del  Rio.     Endemic. 
The  leaves  are  sometimes  larger  than  those  of  the  type  speci- 
mens, attaining  a  length  of  3  cm. 

3.  Rondeletia  Shaperi  Urban  &  Britton;  Urban,  Symb.  Ant.  7: 

398.     1 91 2 

Type  locality:  Barren  savannas  near  Holguin,  Oriente. 
Distribution:  Known  only  from  the  type  locality. 
Dr.  Shafer's  notes  indicate  that  the  plant  grows  along  water- 
courses. 

4.  Rondeletia  pedunclxaris  A.  Rich,  in  Sagra,  Hist.  Cub.  11: 

14.     1850 

Type  locality:  Vuelta  de  Abajo. 

Distribution:  Rocky  banks  and  beds  of  streams,  Oriente, 
Pinar  del  Rio.     Endemic. 

5.  Rondeletia  pachyphylla  Krug  &  Urban;    Urban,  Symb. 

Ant.  i:  419.     1899 

Type  locality:  Cuba. 

Distribution:  Rocky  stream-beds,  mountains  of  northern 
Oriente.     Endemic. 

Recorded  by  Orisebach  as  R,  alaUrnoides  A.  Rich.  The 
inflorescence  is  both  terminal  and  axillary. 

6.  Rondeletia  pedicellaris  C.  Wright;  Sauvalle,  Anales  Acad. 

Habana6:  ip2,  121.     1869 

Type  locality:  Vicinity  of  Trinidad. 

Distribution:  Cliffs  and  rocky  hillsides,  southern  Santa 
Clanu     Endemic. 
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7.  RoNDELETiA  ALATERNOIDES  A.  Rich,  in  Sagra,  Hist.  Cub.  11: 

13-     1850 
Type  locality:  Mountains  near  Santiago  [Oriente]. 
Distribution:  Known  only  from  the  type  locality. 
Urban  states  (Symb.  Ant.  i:  419)  that  the  inflorescence  of 
this  species  is  terminal,  not  axillary  as  first  described. 

8.  RoNDELETiA  SUBGLABRA  Krug  &  Urban;  Urban,  Symb.  Ant. 

i:  418.     1899 

Type  locality:  Near  Santiago,  at  i  ,400  m.  elevation  [Oriente], 
Distribution:  Mountains  of  Oriente.     Endemic. 

9.  RONDELETIA  BRACHYCARPA   (Griseb.)   C.  Wright;    Sauvalle, 

Anales  Acad.  Habana  6:  122.     1869 

Ferdinandea  brachycarpa  Griseb.  Mem.  Am.  Acad.  II.  8:  505. 

1862. 

Type  locality:  Thickets  near  Santa  Catalina  [Oriente]. 

Distribution:  Thickets  and   hillsides,   Oriente,   Camaguey, 
Santa  Clara,  Havana,  Pinar  del  Rio. — Hispaniola. 

Referred  by  Combs  to  R.  trifolia  Jacq. 

10.  RONDELETIA  sTELLATA  (Griseb.)  C.  Wright;  Sauvalle,  Anales 

Acad.  Habana.  6:  122.     1869 

Ferdinandea  stellata  Griseb.  Mem.  Am.  Acad.  II.  8:  505.     1862. 
Type  locality:  Pine-lands  near  Monte  Verde  [Oriente]. 
Distribution:  Mountains  of  northern  Oriente.     Endemic. 

11.  Rondeletia  angustata  C.  Wright;  Sauvalle,  Anales  Acad. 

Habana  6:  122.     1869 

Ferdinandea  angustata  C.  Wright;    Griseb.  Cat.  PI.  Cub.   127. 

1866. 

Type  locality:  In  bogs  near  Toscano. 

Distribution:  Arroyos  and  barrens,  Santa  Clara,  Matanzas, 
Pinar  del  Rio.     Endemic. 

12.  Rondeletia  canellaefolia  sp.  nov. 

A  glabrous  shrub  about  2.5  m.  high,  the  twigs  rather  stout. 
Leaves  coriaceous,  elliptic-obovate  or  elliptic-oblanceolate,  oppo- 
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site  or  verticellate,  lo  cm.  long  or  less,  1.5-3  cm.  wide,  dark  green, 
shining  above,  dull  beneath,  obtuse  or  acute  at  the  apex,  cuneate 
at  the  base,  the  midvein  prominent,  the  lateral  veins  few,  distant, 
slender,  the  petioles  5-15  mm.  long;  inflorescence  terminal  and 
in  the  upper  axils,  fcw-sevcral-flowered ;  peduncles  1.5-5  c"«  long; 
pedicels  short  and  stout;  bracts  triangular,  minute;  caljrx  3-4 
mm.  long,  its  lobes  foliaceous,  ovate,  obtuse,  1-1.5  mm.  long; 
corolla  glabrous,  about  4  mm.  long  (immature);  capsule  pyriform, 
1-1.5  cm.  long. 

Woods  and  on  cliffs,  Sierra  Nif)e,  near  Woodfred,  Oriente, 
450-550  m.  alt.  Type,  Shafer  3207.  In  foliage  and  capsules 
similar  to  R.  sielkUa,  but  that  has  minute  calyx-lobes. 

13.   RoNDELETiA  CALCicoLA  Britton,  BuU.  Torrcy  Club  43:  467. 

1916 

Type  locality:  Coe's  Camp,  Ensenada  de  Siguanea,  Isle  of 
Pines. 

Distribution:  Known  only  from  the  type  locality. 

14.  Rondeletia  yamuriensis  sp.  nov. 

A  small  tree,  about  4  m.  high,  glabrous  throughout.  Leaves 
coriaceous,  narrowly  oblong-oblanceolate,  6-9  cm.  long,  i-2  cm. 
wide,  sessile,  acute  or  obtuse  at  the  apex,  narrowed  at  the  base, 
opposite  or  verticillate  in  3's,  the  midvein  rather  prominent, 
the  lateral  veins  few  and  slender;  inflorescence  terminal  and  also 
in  the  uppermost  axils;  peduncles  rather  slender,  6  cm.  long  or 
less;  fruiting  pedicels  5-10  mm.  long;  capsule  globose-pyriform, 
about  I  cm.  long. 

Between  Yamuri  Arriba  and  Bermejal,  Oriente  (Shafer  843Q). 

15.  Ront)ELETIA  correifoll^  Griseb.  Cat.  PI.  Cub.  129.     1866 
Type  locality:  Western  Cuba. 

Distribution:  Pine-lands  and  savannas,  Pinar  del  Rio  and 
Isle  of  Pines.  Endemic.  A  virgate  shrub,  up  to  2  m.  high,  the 
large  white  flowers  fragrant. 

16.  Rondeletia  Lindeniana  A.  Rich,  in  Sagra,  Hist.  Cub.  11: 

13-     1850 

Type  locality:  Mountains  near  Santiago  [Oriente). 

Distribution:  Mountains  of  Oriente.  Endemic.  Recorded 
by  Grisebach  as  R,  buxifolia  Vahl,  and,  doubtfully,  by  Sauvalle,  as 
R.  umMluUUa  Sw. 
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17.   RoNDELETiA  NiMANiMAE  Krug  &  Urban;  Urban,  Symb.  Ant. 

i:  418.     1899 

Type  locality:  Near  Nimanima,  at  800  m.  alt.  [Oriente]. 
Distribution:  Known  only  from  the  type  locality. 

18.  Rondeletia  Leoni  sp.  nov. 

A  shrub  or  small  tree  up  to  3  m.  high,  the  slender  young  twigs, 
the  petioles  and  the  inflorescence  appressed-pubescent  with  short, 
whitish  hairs.  Leaves  elliptic  to  obovate,  3-8  cm.  long,  sub- 
coriaceous,  acute,  short-acuminate,  or  some  of  them  obtuse  at  the 
apex,  narrowed  or  cuneate  at  the  base,  flat,  or  the  margins  some- 
what revolute  when  old,  densely  pubescent  with  appressed  hairs 
when  young,  glabrous,  or  sparingly  pubescent  on  the  veins  beneath 
when  old,  inconspicuously  reticulate-veined,  the  slender  petioles 
12  mm.  long  or  less;  stipules  linear-subulate  with  a  broadened 
base,  pubescent,  3-4  mm.  long;  inflorescence  axillary  or  lateral, 
4-6  cm.  long,  i-few-flowered,  sometimes  with  a  pair  of  small, 
leaf-like  bracts;  pedicels  nearly  filiform,  1-2  cm.  long;  bractlets 
linear-subulate;  calyx  ovoid-campanulate,  densely  canescent,  its 
lobes  linear  or  linear-spatulate,  3-4  mm.  long;  corolla  densely 
white-pubescent  without,  its  tube  slender,  10-12  mm.  long, 
cylindric,  slightly  expanded  above,  its  lobes  oblong-orbicular, 
rounded,  deep  purple  above,  2.5-3  mm.  long;  capsule  subglobose, 
4-5  mm.  in  diameter. 

Sancti  Spiritus  Mountains,  Santa  Clara;  type  from  Sierra  del 
Caballete  {Leon  &f  Clement  6560), 

19.   Rondeletia  chamaebuxifolia  Griseb.  Cat.  PI.  Cub.  128. 

1866 

Rondeletia  avenia  C.  Wright;   Sauvalle,  Anales  Acad.  Habana  6: 

121.     1869. 

Type  locality:  Western  Cuba. 

Distribution:  Known  only  from  the  type  locality,  this  not 
definitely  recorded. 

20.  Rondeletia  intermixta  sp.  nov. 

A  shrub,  1.6  m.  high,  the  young  twigs  densely  strigose-pubes- 
cent.  Stipules  triangular-ovate,  pubescent,  acute,  persistent, 
spreading,  about  2  mm.  long;  leaves  oblong,  chartaceous,  3-6  cm. 
long,  acute  at  both  ends,  dark  green  and  glabrous  above,  pale 
green  and  densely  pubescent  beneath,  the  midvein  rather  promi- 
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nent,  the  lateral  veins  few,  the  slender  petioles  8-15  mm. 
long;  inflorescence  axillary,  short-peduncled,  few^several-flowered, 
densely  pubescent;  bractlets  ovate,  acute,  about  1  mm.  long; 
calyx-teeth  ovate,  short;  capsule  globose,  about  3  mm.  in  diameter, 
pubescent. 

Gran  Piedra,  Oriente,  at  about  1,500  m.  alt.  (Shafer  pojQ). 
Apparently  the  same  as  a  part  of  C.  Wright  1266,  recorded  by 
Griesbach  as  RondeUtia  Poitaei  Griseb.,  but  that  name  (Griseb. 
Fl.  Br.  W.  I.  328)  is  a  synonym  of  Stevensia  buxifolia  Poit.,  a  plant 
known  only  from  Hispaniola. 

21.   RoNDELETiA  LOMENSis  Urban,  Symb.  Ant.  7:  394.     191 2 

Type  locality:  Dry  serpentine  hill,  Loma  Santa  Teresa, 
near  El  Yunque,  Oriente. 

Distribution:  Known  only  from  the  type  locality. 

Dr.  Shafer's  notes  describe  this  as  a  shrub  about  2.6  m.  high 
with  white  flowers;   the  corollas  are  not  shown  in  the  specimens. 

22.  Rondeletia  baracoensis  sp.  nov. 

Twigs  slender,  densely  whitish-pubescent  when  young.  Stip- 
ules triangular-ovate,  acute,  pubescent,  alK)ut  2  mm.  long;  leaves 
chartaceous,  elliptic,  2  cm.  long  or  less,  rounded  or  obtuse  at  the 
apex,  narrowed  or  obtuse  at  the  base,  glabrous  and  obscurely 
veined  above,  whitish-tomentulose  and  reticulate-veined  beneath 
with  the  primary'  venation  prominent,  the  petioles  3-5  mm.  long; 
peduncles  opposite,  rather  stout,  1-3-flowered,  3-13  mm.  long; 
bractlets  lanct*olate,  pubescent,  somewhat  shorter  than  the  calyx; 
calyx  3  mm.  long,  its  lol>es  ovate  or  ovate-oblong,  obtuse,  one  half 
as  long  as  the  tul)e;  corolla-bud  densely  white- pubescent. 

Vicinity  of  Baracoa  {Pollard,  Palmer  &  Palmer  24s). 

23.   Rondeletia  rigida  Gristb.  Mem.  Am.  Acad.   II.  8:  505. 

1862 

Type  locauty:  La  Madelina  [Oriente]. 
Distribution:  Known  only  from  the  type  Iwality. 

24.    RoNT>ELETiA  NiPKNsis  LVhaii,  Syml).  Ant.  7:  393.     1912. 

Type  LOCALIFv:  Sierra  NiiK*,  near  WcMHJfred,  Oriente,  in  pine- 
lands,  50O-()50  m.  alt. 

Distribution:  Pine-landb  and  deriduons  wckhIs  of  the  Sierra 
Nipe,  Oriente. 
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Dr.  Shafer's  notes  show  this  to  be  a  shrub  about  1.3  m.  high» 
with  white  flowers. 

25.   RoNDELETiA  RuGELii  Urban,  Symb.  Ant.  7:  397.     1912 

Rondeletia  Poitaei  microphylla  Griseb.  Cat.  PI.  Cub.  128.     1866. 

Type  locality:  near  Matanzas. 

Distribution:  Known  definitely  only  from  the  type  locality. 

Rugel's  label  indicates  that  this  is  a  shrub  growing  in  rocks. 
The  species  is  related  to  the  following  one.  Grisebach  considered 
the  plant  to  be  the  same  as  R.  Berteriana  A.  Rich,  (not  DC), 
which  was  collected  at  La  Cabana,  Havana,  if.  Berteriana  DC, 
of  Hispaniola,  is  clearly  different. 

26.  Rondeletia  Combsii  Greenm.  Trans.  Acad.  St.  Louis  7:  427, 

pi.  34.     1897 

Type  locality:  Calicita  [Santa  Clara]. 

Distribution:  Hillsides,  cliffs  and  rocky  shores,  Santa  Clara; 
Havana.     Endemic. 

Plants  with  identical  foliage  have  caljrx-lobes  ovate  or  lanceo- 
late; Dr.  Greenman's  original  description  indicates  that  they 
may  even  be  linear.  A  fruiting  specimen  from  Bahia  Honda, 
Pinar  del  Rio  (Wilson  940 g),  is  doubtfully  referred  to  this  species. 

27.  Rondeletia  camarioca  C  Wright;  Sauvalle,  Anales.  Acad. 

Habana  6:  102.     1869 

Type  locality:  Savannas  of  Camarioca  [Matanzas]. 
Distribution:  Serpentine  barrens  and  savannas,  in  dry  soil, 
Camaguey;  Santa  Clara;  Matanzas.     Endemic. 

28.  Rondeletia  insularis  sp.  nov. 

A  much-branched  shrub,  about  2  m.  high,  the  twigs  densely 
appressed-pubescent.  Stipules  triangular-ovate,  connate,  pubes- 
cent, persistent,  2-3  mm.  long;  leaves  gray-green,  oblong  or  ob- 
long-obovate,  chartaceous,  3  cm.  long  or  less,  7-10  mm.  wide, 
glabrous  and  very  obscurely  veined  above,  delicately  reticulate- 
veined  and  strigillose  beneath,  the  stout  petioles  about  1.5  mm. 
long;  peduncles  solitary  in  the  axils,  stout,  about  as  long  as  the 
petioles,  i-flowered,  pubescent;  bractlets  ovate,  acute,  i  mm.  long; 
capsule  globose,  densely  puberulent,  4-5  mm.  in  diameter;  calyx- 
lobes  ovate-oblong,  obtuse,  i  mm.  long. 
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Vicinity  of  Pueblo  Romano,  Cayo  Romano,  Camaguey 
(Shafer  2444). 

29.  RondeletU  savannarum  sp.  nov. 

A  shrub,  about  2  m.  high,  the  twigs  densely  appressed-pubes- 
cent.  Stipules  triangular,  acute,  finely  pubescent,  i-i  .5  mm.  long; 
leaves  oblong  to  oblong-elliptic,  2  cm.  long  or  less,  6-10  mm.  wide, 
coriaceous,  obtuse  at  the  apex,  narrowed  at  the  base,  glabrous, 
dark  green  and  obscurely  veined  above,  silvery-puberulent  beneath 
with  the  few  veins  rather  prominent,  the  petioles  about  1.5  mm. 
long;  flowers  solitary  in  the  axils;  peduncles  stout,  2-3  mm. 
long;  calyx- teeth  linear  with  the  base  broadened,  3  mm.  long, 
about  as  long  as  the  calyx- tube;  corolla-bud  densely  pubescent; 
capsule  globose,  densely  puberulent,  4  mm.  in  diameter. 

Barren  savannas,  southeast  of  Holguin,  Oriente  {Shafer  J2jo, 
type;  2Q33). 

30.   Rondeletia  venosa  Griseb.  Cat.  PI.  Cub.  128.     1866 

Type  locality:  Near  San  Marcos,  Bahia  Honda  [Pinar  del 
Rio). 

Distribution:  Known  only  from  the  type  locality. 

31.   RoNDELETLi  HYPOLEUCA  Griseb.  Cat.  •  PI.  Cub.  128.     1866 

Type  locality:  Eastern  Cuba,  near  Baracoa. 

Distribution:  Rocky  situations,  Oriente.    Endemic. 

A  plant  with  orbicular  leaves  5-7  mm.  long,  collected  in  a 
rocky  thicket  between  Camp  La  Barga  and  Camp  San  Benito  at 
about  1,000  m.  alt.  {Shafer  4121),  is  referred  to  this  species 
with  hesitation. 

32.  Rondeletia  vacciniifolia  sp.  nov. 

A  much-branched  shrub  0.3-1.3  m.  high,  the  young  twigs 
densely  appresscd-put>escent.  Stipules  triangular,  acute,  con« 
nate,  pubescent,  1.5-2  mm.  long;  leaves  oblong,  coriaceous, 
6-12  mm.  long,  acute  at  both  ends,  or  the  a(>ex  obtuse  and  mucro- 
nate,  glabrous  on  both  bides  or  sparingly  pulK^scent  on  the  midvein 
beneath,  the  lateral  venation  obscure,  the  stout,  putK*scent 
petioles  1.5-3  mm.  long;  flowers  solitary  in  the  upper  axils,  the 
ttout,  pubescent  peduncles  atK>ut  as  long  as  the  petioles;  brae  tlets 
triangular-ovate,  acute;  cal>^-teeth  linear,  2-3  mm.  long;  ca()sule 
gk>bo9e,  put)ei»cent,  5  mm.  in  diameter,  reddish. 
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Rocky  situations,  mountains  of  northern  Oriente.  Type  from 
rocky  bank  of  river,  vicinity  of  Camp  San  Benito  at  900  m. 
alt.  (Shafer  40 go). 

33.  Rondeletia  bicolor  sp.  nov. 

A  shrub  about  1.7  m.  high,  the  twigs  ascending,  slender, 
densely  short-pubescent  when  young.  Stipules  triangular-lanceo- 
late,  rather  abruptly  attenuate  from  a  broad  base,  short-pubescent, 
about  3  mm.  long;  leaves  oblong  or  oblong-oblanceolate,  cori- 
aceous, 2-3  cm.  long,  acute  or  some  of  them  obtuse  at  the  apex, 
narrowed  at  the  base,  dark  green,  glabrous  and  very  obscurely 
veined  above,  white  tomentulose  and  prominently  veined  beneath, 
the  pubescent  petioles  2-4  mm.  long;  peduncles  axillary,  pubes- 
cent, in  fruit  about  3  mm.  long;  fruits  solitary,  globose,  pubescent, 
about  3  mm.  in  diameter. 

Loma  de  Ponciano,  Sancti  Spiritus  Mountains,  Santa  Clara 
{Leon  and  Clement  6717). 

34.  Rondeletia  (?)  tinifolia  Griseb.  Cat.  PI.  Cub.  129.     1866 

Type  locality  :  Western  Cuba. 

Distribution:  Sancti  Spiritus  Mountains,  Santa  Clara;  pine- 
lands  and  arroyos,  Pinar  del  Rio.     Endemic. 

35.  Rondeletia  (?)  camagueyensis  sp.  nov. 

A  shrub  about  3  m.  high,  the  young  shoots  densely  appressed- 
pubescent.  Stipules  triangular,  acute,  about  3  mm.  long;  leaves 
ovate  or  elliptic-ovate,  3-4  cm.  long,  3  cm.  wide  or  less,  membran- 
ous, acute  at  the  apex,  narrowed  or  obtuse  at  the  base,  sparingly 
short-pubescent  and  indistinctly  veined  above,  loosely  strigose- 
pubescent,  especially  on  the  prominent  veins  beneath,  the  stout, 
pubescent  petioles  2-3  mm.  long;  capsule  subglobose,  4-6  mm. 
in  diameter. 

Arroyo,  savanna  near  Camaguey  {Britton  &f  Cowell  13206). 

Imperfect  material  only  was  collected  at  the  time  of  our  visit 
to  the  locality  in  April,  1912. 

Other  species  attributed  to  Cuba 
Rondeletia  microdon  DC.  Prodr.  4:  408.     1830 

Havana,  collected  by  Ossa,  according  to  De  Candolle.  De- 
scribed as  a  glabrous  species,  with  oval-oblong,  short-pet ioled 
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leaves  acute  at  both  ends,  bipartite,  persistent,  obtuse  stipules; 
corymbose  peduncled  flowers,  the  calyx  truncate,  with  five  short 
teeth.  The  genus  of  this  plant  was  questioned  by  A.  Richard 
(in  Sagra,  Hist.  Cub.  ii :  13),  and  I  do  not  know  any  species  which 
answers  to  the  description. 

Rondeleiia  americana  L.  Sp.  PI.  172.     1753 

This,  the  type  of  the  genus,  is  also  recorded  by  De  Candolle 
as  found  at  Havana  by  Ossa,  and  Grisebach  (Fl.  Br.  W.  I.  327) 
mentions  it  as  Cuban.  I  know  the  plant  only  from  St.  Vincent 
and  Jamaica. 

Rondeleiia  laevigata  Ait.  Hort.  Kew.  ed.  2,  i:  366.     1810 

De  Candolle  mentions  this  also  as  found  at  Havana,  but  no 
species  answering  to  the  description  is  known  to  me  from  Cuba; 
Grisebach  (Fl.  Br.  W.  I.  328)  indicates  that  it  is  from  the  island 
of  Trinidad. 

Rondeleiia  leptacantha  DC.  Prcxlr.  4:  410.     1830 

Collected  by  Ossa,  near  Havana,  according  to  De  Candolle. 
Described  as  a  plant  with  opposite  spines,  broadly  oval,  subacute 
leaves,  the  twigs  and  leaves  subpilose  when  young,  the  slender 
peduncle  as  long  as. the  leaves  or  longer,  three-  to  five-flowered  at  the 
apex.  Nospeciesofi^onJW^/ia  known  to  means^'ers  the  description. 
Grisebach  (Cat.  PI.  Cub.  133)  refers  the  plant  to  Chomelia  fascicu* 
lata  Sw.  [Anisomeris  fasciculata  (Sw.)  Schum.],  but  this  disposal 
of  it  is  not  satisfactory. 

57.    THREE  ERIOCAULONS  FROM  THE  ISLE  OF  PINES 
Eriocaulon  arenicola  Britton  &  Small,  sp.  nov. 

Plants  4-26  cm.  tall,  the  scapes  solitary  or  usually  several 
together;  leaves  ascending  or  spreading,  1-8  cm.  long,  linear- 
attenuate,  convex  beneath,  slightly  concave  above,  glabrous; 
scapes  slender,  mostly  6-angled,  slightly  spirally  tu'istetl,  each 
subtended  by  an  obliquely  opened  sheath  which  is  shorter  than 
the  leaves;  heads  dense,  at  first  depres.Ne<i-glolK)se,  later  sub- 
globoee  or  ovoid-globose,  becoming  about  5  mm.  in  diameter, 
pubescent,  whitish-gray;  bracts  of  the  involucre  cuneate  to  obo- 
vate,   the  outer  ones  about   1.5   mm.   long;    flowers  numerous, 
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crowded ;  bracts  very  broadly  cuneate,  fully  i  .5  mm.  long,  short- 
hairy  at  and  near  the  apex;  sepals  of  the  staminate  flowers 
concave,  cuneate  to  obovate,  about  i  .5  mm.  long,  exceeding  the 
corolla,  pubescent  at  the  apex;  corolla-lobes  minute,  ovate  to 
oblong-ovate,  obtuse;  anthers  about  0.25  mm.  long;  sepals  of  the 
pistillate  flowers  about  1.5  mm.  long,  boat-like,  keeled,  pubescent 
near  the  top;  petals  oblong  to  oblong-spatulate,  fully  i  mm.  long; 
capsule  reniform-didymous,  fully  0.5  mm.  wide:  seeds  oval,  barely 
0.5  mm.  long. 

White  sand,  vicinity  of  Los  Indios  {Britton  fir  Wilson  14170). 

This  plant  is  related  to  Eriocaulon  sigmoideum  C.  Wright.  It 
differs  from  it  in  the  larger  size,  the  more  compact  heads,  the  more 
copiously  pale-pubescent  and  longer  bracts,  the  smaller  staminate 
flowers,  and  the  sepals  of  the  pistillate  flowers  which  are  wider 
below  the  middle,  instead  of  at  the  top. 

Eriocaulon  fusiforme  Britton  &  Small,  sp.  nov. 

Plants  3-6.5  cm.  tall,  the  scapes  tufted,  usually  densely  so; 
leaves  aiscending  or  recurved,  subulate-lanceolate,  1-2.5  cm.  long, 
thinnish,  concave,  glabrous;  scapes  relatively  slender,  spirally 
twisted,  prominently  5-angled,  each  subtended  by  an  obliquely 
opened  sheath  which  is  shorter  than  the  longer  leaves;  heads 
dense,  fusiform,  becoming  7-8.5  mm.  long,  acute,  glabrous,  brown- 
ish; bracts  of  the  involucre  ovate  to  oblong,  obtuse,  chartaceous, 
2-3  mm.  long;  flowers  numerous;  bracts  rhombic-ovate  or  rhom- 
bic-cuneate,  mostly  2  mm.  long,  acute  or  short-acuminate,  scarious, 
glabrous,  or  obscurely  fine-pubescent;  sepals  of  the  staminate 
flowers  spatulate  to  oblong-spatulate,  about  i  mm.  long,  some- 
times laciniate  at  the  apex,  about  equalling  the  corolla  or  exceeding 
it;  corolla-lobes  ovate;  anthers  about  0.15  mm.  long;  sepals  of 
the  pistillate  flowers  about  1.5  mm.  long,  boat-shaped,  strongly 
keeled  and  crested  above  the  middle,  acuminate;  petals  linear- 
elliptic  to  linear-spatulate,  1.5-2  mm.  long;  capsule  suborbicular 
or  orbicular-ovoid,  about  0.5  mm.  wide:  seeds  narrowly  oval, 
about  0.5  mm.  long. 

Pinelands,  Siguanea  (Britton  &  Wilson  14QS1). 

This  differs  from  all  described  Cuban  species  of  Eriocaulon. 
Its  short  stiff  scapes  and  fusiform  glabrous  or  nearly  glabrous 
heads  are  particularly  diagnostic. 

Eriocaulon  ovoideum  Britton  &  Small,  sp.  nov. 

Plants  6-11  cm.  tall,  the  scapes  tufted,  usually  densely  so; 
leaves  erect  or  ascending,  narrowly  linear-lanceolate  to  linear- 
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attenuate,  1-3  cm.  long,  concave,  thinnish,  glabrous;  scapes 
stoutish,  spirally-twisted,  sharply  5-angled,  each  subtended  by  an 
obliquely  opened  sheath  which  is  as  long  as  the  leaves  or  shorter; 
heads  very  dense,  ovoid  or  globose-ovoid,  becoming  6-8  mm.  long, 
obtuse,  tan-colored ;  bracts  of  the  involucre  ovate  to  oblong,  i  .5-3 
mm.  long,  obtuse,  glabrous,  chartaceous;  flowers  numerous;  bracts 
subreniform,  mostly  wider  than  long,  broadly  rounded  at  the  apex, 
scarious,  minutely  pubescent;  sepals  of  the  staminate  flowers 
obovate  to  cuneate,  concave,  fully  i  mm.  long,  erose  at  the  apex, 
mostly  exceeding  the  corolla;  anthers  ovoid,  about  o.i  mm.  long; 
sepals  of  the  pistillate  flowers  boat-shaped,  fully  i  mm.  long, 
keel-winged  and  crested  on  the  back,  abruptly  pointed:  petals 
spatulate,  about  1.5  mm.  long,  often  erose  at  the  apex;  capsule 
reniform,  about  i  mm.  wide;  seeds  broadly  oval,  fully  0.5  mm. 
long. 

White  sand,  vicinity  of  Los  Indios  {BriUon  6r  Wilson  14220). 

Related  to  Eriocaulon  fusiforme,  differing  In  stouter  habit,  the 
short  and  broad  heads,  and  in  the  broad  and  rounded  bracts. 

58.    UNDESCRIBED  CUBAN  SPECIES 
Dupatya  montana  sp.  nov. 

Stem  simple,  elongate,  stout,  densely  leafy.  Leaves  broadly 
linear,  8-14  cm.  long,  6-15  mm.  broad  at  the  base,  narrowed  to 
the  acute  apex,  rigid,  glabrous,  stria te-nerved ;  peduncles  erect, 
15-30  cm.  high,  often  numerous,  axillary,  loosely  pubescent  with 
long,  soft,  white  hairs,  or  glabrous;  sheaths  shorter  than  the 
leaves,  acuminate;  heads  solitary  on  the  peduncles,  hemispheric, 
7-8  mm.  broad;  outer  involucral  bracts  ovate,  the  inner  ones 
broadly  oval  to  orbicular,  rigid,  acute,  glabrous;  receptacle  pilose, 
the  bracts  membranaceous,  obovate-cuneate,  1.8-2  mm.  long, 
0.6-0.8  mm.  broad,  with  a  tuft  of  short  hairs  on  the  back  at  the 
apex;  staminate  flowers  dimerous;  st*pals  spatula te-ol>ovate, 
about  1.9  mm.  long,  concave,  ciiiate  at  the  apex;  pistillate  flowers 
dimerous;  sepals  elliptic,  concave;  stigmas  2;  ovary  globose- 
ovate. 

Collected  on  compact  red  iron  ore  along  trail  from  Rio 
Yamaniguey  to  Camp  Toa,  Oriente,  at  400  m.  alt.  (7.  A. 
Shafer  4473,  t>'pe);  also  collected  along  trail  from  Camp  La 
Barga  to  Camp  San  Benito  {Shafer  4104)  and  at  Camp  La 
Gloria,  south  of  Sierra  Moa  (Shafer  804$,  8jji). 

Apparently  closely  related  to  Dupatya  pungens  (Gri^cb.) 
Britton  {Paepalanihus  pungens  Griheh.),  another  (^uban  spccit-s. 


Digitized  by  VjOOQIC 


34  Brixton:  Studies  of  West  Indian  plants 

Pilea  Cowellii  sp.  nov. 

Glabrous,  perennial,  monoecious,  about  4  dm.  tall;  stem 
becoming  more  or  less  grooved  and  compressed  in  drying,  clothed 
with  numerous,  small,  elliptic  raphides;  leaves  elliptic  to  ovate, 
or  the  uppermost  oblong-obovate,  1-3  cm.  long,  0.7-1. 1  cm.  broad, 
acute  or  obtuse  at  the  apex,  rounded  and  more  or  less  cordate  at 
the  base,  3-nerved,  green  and  lustrous  above,  paler  beneath,  with 
prominent,  scattered,  elevated  callosites  when  fresh  which  become 
depressed  in  drying,  entire;  raphides  of  the  upper  surface  linear, 
those  of  the  lower  surface  punctiform;  petioles  1-2  mm.  long; 
inflorescence  axillary,  1-2  cm.  long,  equalling  or  shorter  than  the 
leaves;  stamina te  and  pistillate  flowers  intermixed;  staminate 
flowers:  pedicels  0.5  mm.  long,  perianth  glabrous,  I  mm.  long, 
the  lobes  triangular-ovate;  stamens  4;  pistillate  flowers  short- 
pedicelled  or  subsessile. 

Type  collected  on  cliffs,  Ensenada  de  Mora,  Oriente  {BriUon, 
Cowell  &  Shafer  12977). 

Ichthyomethia  havanensis  Britton  &  Wilson,  sp.  nov. 

A  shrub  2  m.  tall,  with  finely  pubescent  twigs;  leaves  odd- 
pinnate,  1-1.4  dm.  long,  the  petioles,  rachis  and  petiolules  velvety- 
ferruginous  when  young;  leaflets  9-13,  elliptic  to  somewhat  ellip- 
tic-obovate,  2.3-4.5  cm.  long,  1. 3-1 .7  cm.  broad,  acute  to  rounded 
and  often  apiculate  at  the  apex,  rounded  at  base,  short-petioluled, 
densely  clothed  with  short,  appressed,  silky  hairs  when  young, 
in  age  glabrous  or  nearly  so  above,  finely  pubescent  and  reticulate- 
veined  beneath;  calyx  campanulate,  pubescent  with  short, 
appressed  brownish  hairs;  pods  broadly  4-winged,  puberulent 
with  appressed  hairs,  2-3.5  c^i-  'o^gi  2-2.8  cm.  broad,  stipitate, 
the  margin  more  or  less  undulate;  seeds  oblong,  5  mm.  long,  2.5-3 
mm.  broad. 

Related  to  /.  piscipula  (L.)  A.  S.  Hitchc,  but  differing  in  the 
much  smaller  and  more  coarsely  reticulate  leaflets,  and  smaller 
fruit. 

Thickets  not  far  from  Cojimar,  Province  of  Havana  (Brother 
Leon  &f  Father  M.  Roca  6194,  type);  also  collected  on  a  hill 
west  of  Chorrera,  Province  of  Havana  {Brother  Leon  5192). 

Castelaria  calcicola  Britton  &  Small,  sp.  nov. 

A  much-branched  shrub  up  to  2.5  m.  tall,  with  stout  thorns 
which  are  branched  when  well  developed,  the  twigs  closely  fine- 
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pubescent;  leaf-blades  obovate,  varying  to  oval  or  ovate,  mostly 
1.5-4  cm.  long,  rounded  or  retuse  and  mucronulate  at  the  apex, 
entire,  slightly  revolute  and  reticulate  in  age,  bright  green  above, 
paler  beneath,  somewhat  shining,  minutely  pubescent,  especially 
on  the  midrib  and  veins  beneath,  short-petioled ;  flowers  several 
in  each  cluster,  short-pedicelled,  the  pedicels  densely  pubescent; 
sepals  triangular-ovate,  about  i  mm.  long,  green,  acutish,  copiously 
pubescent;  petals  ovate  or  oval,  concave,  cymbiform,  3.5-4  mm. 
long,  red,  sparingly  pubescent  on  the  back;  filaments  subulate, 
nearly  2  mm.  long,  villous- tomentose;  anthers  slightly  longer  than 
the  filaments,  oblong,  or  nearly  so;  drupes  flat,  fully  1.5  cm.  long, 
nearly  as  wide,  about  6  mm.  thick,  bright-red,  the  flesh  thin,  with 
a  fibrous-reticulate  network  which  is  impressed  into  the  putamen. 
Limestone  hills,  vicinity  of  Sumidero,  Pinar  del  Rio  (Shafer 

This  shrub  is  related  to  CasUlaria  jacquinifolia.  It  differs 
from  that  species  in  the  pubescent  leaves,  the  triangular-ovate 
sepals,  the  pubescent  petals,  and  the  narrower  and  longer  anthers. 

Stenostomtim  obovatum  sp.  nov. 

A  straggling  tree,  the  slender  twigs  glabrous.  Leaves  cori- 
aceous, obovate,  6  cm.  long  or  less,  rounded  at  the  apex,  narrowed 
at  the  base,  revolute-margined,  faintly  shining,  the  midvein  im* 
pressed  above,  prominent  beneath,  the  lateral  venation  slender 
and  obscure,  the  stout  petioles  3-5  mm.  long;  inflorescence 
terminal;  fruits  in  pairs,  sessile,  oblong,  black,  fleshy,  10-12  mm, 
long,  5-7  mm.  thick. 

Camp  La  Gloria,  south  of  Sierra  Moa,  Oriente  {Shafer  8i6g). 

Stenostomtim  aristatum  sp.  nov. 

A  rough-barked  tree  about  6  m.  high,  with  widely  spreading 
branches,  the  slender  young  twigs  resinous.  Stipules  broadly 
ovate,  obtuse,  3  mm.  long,  caducous;  leaves  elliptic  or  ovate- 
elliptic,  coriaceous,  2.5  cm.  long  or  less,  acute  and  aristate  at 
the  apex,  mostly  obtuse  at  the  bast*,  shining  and  strongly  reticulate- 
veined  on  both  surfaces,  especially  above,  the  margins  slightly 
revolute,  the  petioles  1-2  mm.  long;  petluncles  s<)litar>'  in  the  up- 
permost axils,  about  one-half  as  long  as  the  leaves, i-  to  3- flowered 
at  the  apex;  flowers  fragrant;  calyx  narrowly  campanulate,  5  mm. 
JonR*  5-lobed,  the  IoIk^s  oblong  or  oblong-olK)vate,  1.5-2  mm. 
long,  rounded;  corolla  white,  its  tul)e  narrowly  cylindric,  alK)ut 
2  cm.  long,  I  mm.  thick,  its  limb  spreading,  5-lobe<l,  about  I  cm. 
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broad,  the  lobes  rounded;  stamens  5;  anthers  linear,  2  mm.  long; 
ovary  6-celled. 

Rocky  hill,  savanna  near  Camaguey  {BriUon  fir  CoweU  13241). 

59.    NOTES  ON  VARIOUS  SPECIES 

Evolvulus  siliceus  Britton  &  Wilson,  nom.  nov. 

Evolvulus  arenicola  Britton  &  Wilson,  Bull.  Torrey  Club  43:  466. 
1916.     Not  E.  arenicola  Johnston,  1905. 

Persicaria  hirsuta  (Walt.)  Small 

Marsh  near  Ferry  River,  Jamaica  (Britton  394).  Hitherto 
unrecorded  from  Jamaica. 

Phenax  Sonneratii  (Poir.)  Wedd. 

Gravelly  soil,  Jamaica  (Alex,  E.  Wright  193).  Hitherto  un- 
recorded from  Jamaica. 

Phyllanthus  nummulariaefolius  Poir. 

Shady  places,  Hope  Grounds,  Jamaica  {Harris  12123,  121  $7^ 
X22o8),     Hitherto  unrecorded  from  Jamaica. 

Veronica  Tournefortii  Gmelin 

Waste  and  shaded  grounds,  near  Mandeville  {Crawford  683) 
and  near  Cinchona,  Jamaica  {Harris  12 417). 

Jacquinia  Keyensis  Mez. 

Northern  coast  of  Camaguey  and  Matanzas  provinces,  Cuba 
{Shafer  68 g,  2593,  2712;  Britton  &  Wilson  14043)*  Little  Goat 
Island,  Jamaica  {Britton  1852);  Albion  Mountain,  Jamaica 
{Harris  11678,  121 99).  Heretofore  recorded  from  the  Bahamas 
and  Florida. 

Cyrilla  brevifolia  N.  E.  Brown 

Mountains  of  northern  Oriente,  Cuba  {Shafer  4060,  4054^ 
4109,  4140,  41 81,  8032).  Apparently  identical  with  the  plant 
of  Mt.  Roraima,  British  Guiana  (Trans.  Linn.  Soc.  II.  6:  22. 
pi.  I,  f.  7-16). 
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Stemodia  pakviflora  Ait. 

Rio  Piedras,  Porto  Rico  {Stevenson  2178).  Hitherto  un- 
recorded from  Porto  Rico. 

DiTTA  BCYRicoiDES  GHseb. 

Sierra  de  Naguabo,  Porto  Rico  {Shafer  3603).  Hitherto  un- 
recorded from  Porto  Rico. 

SiDA  Eggersii  E.  G.  Baker 

Island  of  Culebra,  Porto  Rico,  1906  {Brition  fir  Wheels  178). 
Hitherto  known  only  from  Tortola,  where  Dr.  Shafer  made  a 
second  collection  of  it  in  1913.  A  tree,  6-8  m.  high,  very  diflferent 
from  typical  species  of  Sida. 

OssAEA  domingensis  Cogn. 

Alto  de  la  Bandera,  Porto  Rico  (F.  L,  Stevens  8717).  Hitherto 
known  only  from  Santo  Domingo. 

Lescaillea  equisetiformis  Griseb. 

This  monotypic  genus  of  Compositae  was  rediscovered  on  the 
southern  slope  of  Cajalbana  in  the  province  of  Pinar  del  Rio, 
Cuba,  by  Brothers  Leon  and  Charles  on  April  6,  1915.  The 
genus  has  hitherto  been  imperfectly  known,  as  it  was  represented 
in  this  country  only  by  a  fragment  at  the  Gray  Herbarium, 
collected  by  Charles  Wright  in  western  Cuba.  Lascaillea  is  a 
woody  vine  related  to  PorophyUum.  The  leaves  are  reduced  to 
small  scales,  the  plant  resembling  certain  species  of  Ephedra 
much  more  closely  than  it  does  any  Equisetum. 
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A  quantitative,  volumetric  and  dynamic  study  of  the  vegetation  of 
the  Pinus  Taeda  belt  of  Virginia  and  the  Carolinas 

Roland  M.  Harpba 
(with  one  text  riCURB) 

Introductioii.  The  study  of  the  vegetation  of  a  given  region 
may  conveniently  be  divided  into  four  stages.  First,  the  various 
species  of  plants  are  collected,  described  (if  necessary),  and  classi* 
fied  taxonomically,  and  their  local  distribution  determined. 
Second,  they  are  classified  ''ecologically,"  by  habitat,  associations 
and  adaptations,  and  the  environmental  factors  analyzed.  Third, 
their  relative  abundance  is  determined,  in  the  region  as  a  whole 
or  in  each  habitat  sep>arately,  and  estimates  made  of  the  per- 
centages of  evergreens,  vines,  parasites,  plants  belonging  to  certain 
families,  etc.  Fourth,  the  total  bulk  or  weight  of  vegetation  per 
unit  area  may  be  measured,  together  with  the  amount  of  new 
growth  made  in  an  average  year,  and  the  amount  of  water  and 
other  substances  taken  from  the  soil  at  the  same  time. 

Although  this  is  perhaps  the  usual  and  most  convenient  order, 
and  also  corresponds  pretty  well  with  the  historical  development 
of  the  science  of  plant  sociology,*  it  is  by  no  means  a  fixed  order. 
Any  one  of  the  stages  may  be  omitted,  and  the  fourth,  which 
though  rather  difficult  is  simple  enough,  could  very  well  precede 
the  first.  And  of  course  it  is  not  to  be  assumed  that  the  foregoing 
outline  covers  everything  that  needs  to  be  known  about  vegeta- 
tion. For  example,  it  takes  no  account  of  generalizations  at)out 
geographical  distributions,  times  of  flowering,  colors  of  flowers, 
pollination  and  dissemination,  studies  of  endemism  and  biblio- 
graphic history,  and  speculations  about  geological  history'  and  suc- 
cession, all  of  which  have  contributed  many  pages  to  the  botanical 
literature.  Comparisons  with  similar  or  neighboring  regions  arc 
always  appropriate,  too. 

The  region  under  consideration  offers  little  attraction  to  the 
botanist  who  does  not  go  beyond  the  first  stage,  and  "cannot  see 
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the  wcxxls  for  the  trees."  As  seems  to  be  the  case  wherever 
Pinus  Taeda  (and  the  same  might  be  said  of  several  other  pines) 
is  the  prevailing  tree,*  nearly  all  the  plants  are  of  common  and 
widely  distributed  species,  which  have  been  described  long  ago. 
In  the  second  stage,  very  little  has  been  done  in  this  region, 
largely  because  of  inherent  difficulties  which  will  be  explained 
below  under  the  head  of  vegetation.  This  paper  is  chiefly  con- 
cerned with  the  third  stage,  determining  the  relative  abundance 
of  the  species  in  the  region  as  a  whole,  which  is  done  by  means 
of  notes  accumulated  during  about  seventy-five  hours  of  field 
work.  For  the  fourth  stage,  volumetric  and  dynamic  studies, 
very  few  accurate  data  are  available  as  yet  for  this  or  any  other 
part  of  the  world,  but  some  rough  estimates  are  attempted,  to 
illustrate  a  method  which  should  be  followed  in  all  future  critical 
studies  of  vegetation.  For  it  cannot  be  disputed  that  the  annual 
growth  of  vegetation,  and  particularly  the  amount  of  food  taken 
from  the  soil  in  a  given  time,  is  closely  correlated  with  enviro- 
mental  factors,  and  should  be  a  better  indication  of  soil  fertility 
than  any  static  studies  of  vegetation,  whether  qualitative  or 
quantitative. 

Location  and  boundaries  of  the  region.  The  Pinus  Taeda 
belt  proper  of  the  Atlantic  coastal  plain,  as  mapped  by  the 
writer  a  few  years  agof  (in  Fig.  i  the  same  map  is  reproduced), 
is  regarded  as  bounded  on  the  north  by  the  James  an  Appomattox 
Rivers.  From  Petersburg,  Va.,  to  the  vicinity  of  Rocky  Mount, 
N.  C,  it  borders  the  fall-line,  which  there  (as  all  the  way  across 
Virginia)  runs  just  about  north  and  south.  Thence  to  near  Fair- 
fax, S.  C,  it  passes  northwestward  into  a  belt  of  low  red  hills,  a 
continuation  of  the  Ex)cene  red  hills  of  Georgia,  Alabama  and 
Mississippi.  From  Fairfax  to  near  Charleston  it  is  bounded  on 
the  south  by  the  pine-barrens  with  Pinus  EllioUii;  thence  to  near 
the  mouth  of  the  Santee  River  it  is  separated  from  the  coast  by  a 
narrow  coast  strip,  with  marshes,  islands,  and  a  good  deal  of  silty 

*  See  Torreya  7:  44-45*  1907;  9:  217.  1909.  This  applies  to  habitats,  though* 
father  than  to  regions.  For  example.  Pinus  Toida  is  the  commonest  tree  in  the 
Apalachicola  blufif  region  of  Middle  Florida  (see  6th  Ann.  Rep.  Fla.  Geol.  Surv. 
2ia--ai5t  353.  355).  where  many  rare  plants  grow;  but  the  pine  is  mostly  near  the 
top  of  the  bluffs  and  the  rare  plants  lower  down. 

t  Bull.  Torrey  Club  37:  407.  592.     1910-11. 
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•oil.  From  Horry  County,  S.  C,  to  Oaslow  County,  N.  C,  it 
passes  gradually  southeastward  into  the  Wilmington  or  Cape  Fear 
pine-barrens,  with  a  much  larger  proportion  of  Pinus  palustris 
and  less  P.  Taeda.     From  Carteret  County,  N.  C,  to  Nansemond 


Fic.  I. 

County,  Va.,  the  Nansemond  escarpment,  parallel  to  the  Virginia 
fall-line,^  separates  it  from  the  region  of  oak  and  beech  flats  with 
more  silty  soil,  in  which  Dismal  Swamp  is  situated.  In  South 
Carolina  the  belt  under  consideration  corresponds  approximately 
with  the  "upper  pine  belt"  of  Hammond  and  other  nineteenth 
century  geographers. 

^See  Hobb«,  Rep.  8th  Int.  Geog.  Cong.  (1905^-  line  III  on  map  opposite  p.  196. 
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In  the  present  paper  the  red  hill  belt  lying  just  southeast  of 
the  fall-line  sand-hills  in  the  Carolinas  is  combined  with  the  flatter 
and  more  sandy  Pinus  Taeda  belt,  being  connected  with  it  appar- 
ently by  imperceptible  gradations,  and  not  differing  much  in 
vegetation.  The  total  area  involved  is  about  28,000  square  miles. 
The  most  important  literature  on  the  region  was  summarized  by 
the  writer  in  1907.*  Since  then  there  have  been  published  several 
more  government  soil  surveys,  a  report  on  the  geology  of  the 
coastal  plain  of  North  Carolina,!  Coker's  Plant  Life  of  Hartsville, 
S.  C.,t  and  Ashe's  monograph  on  loblolly  or  North  Carolina  pine.§ 
C.  S.  Chapman's  **A  working  plan  for  forest  lands  in  Berkeley 
County,  South  Carolina,"!  |  which  was  cited  in  my  1907  paper, 
will  be  referred  to  more  specifically  below. 

Topography  and  hydrography.  The  altitude  ranges  from  sea- 
level  to  about  300  feet.  The  topography  is  gently  undulating  in 
the  red  hills  and  nearly  flat  elsewhere,  with  few  railroad  cuts  deep 
enough  to  obstruct  the  view  of  the  traveler  on  a  pgissenger  train. 
There  are  bluffs  near  some  of  the  rivers,  but  all  the  streams  are 
bordered  at  least  on  one  side  by  swamps,  whose  width  is  approxi- 
mately proportional  to  the  size  of  the  stream.  The  rivers  which 
rise  in  the  Piedmont  region  are  muddy,  but  the  smaller  streams 
which  are  confined  to  the  coastal  plain  are  not,  except  in  prolonged 
wet  weather.  In  the  flat  areas  are  many  very  shallow  depressions, 
which  will  be  referred  to  again  under  the  head  of  vegetation.  The 
ground-water  is  nearly  everywhere  close  enough  to  the  surface  to 
be  reached  by  well-sweeps  and  suction  pumps. 

Soils.  The  average  soil  might  be  described  as  a  grayish  sandy 
loam*,  varying  toward  red  clay  in  the  higher  portions,  and  purer 
sand  near  some  of  the  rivers.  According  to  the  government  soil 
surveys  hitherto  published  for  this  region  (none  for  Virginia, 
about  nine  for  North  Carolina  and  eight  for  South  Carolina),  the 
eight  commonest  types  of  soil  in  the  North  Carolina  portion  are 

♦  Bull.  Torrey  Club  34:  351-353-     I907« 

tN.  C.  Geol.  Surv.,  Vol.  3.  552  pp.  •'1912."  (Published  about  the  middle 
of  1913.) 

t  See  Torreya  13:  I3^i44-     I9i3- 

I  N.  C.  Geol.  Surv.  Bull.  24.     169  pp..  27  pi.     1915. 

II  U.  S.  Bur.  Forestry  Bull.  56.  62  pp.,  4  plates  &  map.  **X90S/*  See  Bull. 
Torrey  Club  34:  352  (sth  footnote),  360  (4th  footnote).     1907. 
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"Norfolk  fine  sandy  loam,"*  "Norfolk  sandy  loam,"  "Swamp," 
"Norfolk  sand,"  "Portsmouth  fine  sandy  loam,"  "Portsmouth 
sand,"  "Portsmouth  sandy  loam,"  and  "Norfolk  fine  sand";  and 
in  the  South  Carolina  portion  "Norfolk  sandy  loam,"  "Swamp," 
"Portsmouth  sandy  loam,"  "Norfolk  sand,"  "Coxville  fine 
sandy  loam,"  "Norfolk  fine  sandy  loam,"  "Portsmouth  fine 
sandy  loam,"  and  "Orangeburg  fine  sandy  loam."  This  sequence 
should  not  be  taken  too  literally,  for  the  areas  that  have  been 
surveyed  may  not  be  perfectly  typical,  and  moreover,  there  are 
all  possible  gradations  between  adjacent  soils,  and  similar  soils 
are  very  liable  to  be  classified  a  little  differently  by  different 
men  in  neighlK)ring  areas,  or  even  by  the  same  men  in  dif- 
ferent years.  But  it  will  suffice  to  show  the  prevalence  of  gray 
sandy  loams  and  of  swamps,  and  the  scarcity  of  reddish  and 
distinctly  clayey  soils.  The  reddish  "Orangeburg"  soils  are 
perceptibly  commoner  in  South  Carolina  than  farther  northeast. 
The  physical  composition  of  the  soil  may  also  be  illustrated  by 
disregarding  the  more  or  less  arbitrary-  series  names  (thus  elimi- 
nating much  of  the  "  personal  equation  ")  and  summing  up  the 
ten  commonest  texture  classes,  with  their  percentages.  As  in  the 
plant  list  farther  on,  the  column  of  percentages  preceding  the 
names  is  for  the  whole  area,  and  the  others  for  separate  states  as 
indicated. 

Soil  -npEs                           N.  C.  S.  C. 

31. a  Sandy  loam 36.1  37.0 

22.4  Fine  sandy  loam 30»o  1 3.7 

15.0  Sand  (including  sand-hill) 13.9  16.0 

14.0  Swamp,  muck,  etc 14.8  1 2.6 

3.8  Fine  sand 38  3.8 

3.0  Clay 1.8  4.2 

a. 7  Coarse  sandy  loam 1.5  4.  i 

2.4  Coarse  sand 2.2  2.5 

a.3  Loam I.I  3.8 

,                        1.5  Very  fine  sandy  loam 2.1  0.7 

*  For  the  benefit  of  readers  who  are  not  familiar  with  the  system  of  cla^ificaiiun 
OMd  ty  Ibe  U.  S.  Bureau  of  Soils  it  should  be  explained  that  the  "Norfolk"  srriei 
tnclodet  grmykh  coastal  plain  soils  with  friable  yellowish  subsoils,  the  "OranKcburi;" 
fray,  red  or  brownish  soils  with  bandy  clay  subsoils,  and  the  "Port!»mouth"  damp 
blackish  more  or  less  peaty  soils  with  flat  or  sliithUy  depre^sc^l  suriacr.  "Swamp" 
li  asoally  applied  to  permanently  saturated  toils,  but  does  not  include  all  kinds  of 
■wmmpt,  KMne  of  which  have  been  described  under  other  names,  e^^pecially  in  Uter 
ycarm. 
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Data  for  estimating  the  average  chemical  composition  of  the 
soil  are  rather  meager.  In  the  Tenth  Census,  vol.  6,  pp.  504  and 
556,  are  analyses  of  seven  soils  from  this  region  (five  from  North 
Carolina  and  two  from  South  Carolina),  made  by  Hilgard's  five-day 
acid  digestion  method,  which  seems  to  give  results  more  consistent 
with  the  vegetation  and  crops  than  any  earlier  or  later  method. 
Details  of  the  locality,  depth,  vegetation,  etc.,  of  each  soil  are 
given  in  the  work  mentioned  (under  Nos.  i  and  9  on  page  504  and 
II,  13,  15,  17  and  19  on  page  556),  and  need  not  be  repeated  here. 
The  averages  of  the  seven  analyses  are  given  below.  (With  so 
few  samples  from  South  Carolina  and  none  from  Virginia  it  would 
hardly  be  worth  while  to  give  the  averages  for  each  state  sepa- 
rately.) 

Per  cent. 

Water  and  organic  matter 2.940 

Potash  (K,0) 125 

Soda  (NajO) 052 

Lime  (CaO) 079 

Magnesia  (MgO) 076 

Phosphoric  acid  radicle  (PsOi) 082 

Sulphuric  add  radicle  (SOt) 085 

Brown  oxide  of  manganese  (Mns04) 068 

Peroxide  of  iron  (FeiOi) 1.684 

Alumina  (AltOi) 3-375 

Soluble  silica 2.704 

Insoluble  matter 88.844 

These  figures  of  course  will  mean  little  to  one  who  is  not  accus- 
tomed to  interpreting  soil  analyses,  but  those  who  are  sufficiently 
interested  may  find  it  worth  while  to  compare  them  with  similar 
analyses  from  other  states  published  in  the  same  work  and  copied 
by  the  writer  in  recent  easily  accessible  publications.*  Even  yet 
the  significance  of  some  of  the  figures  cannot  be  explained,  for 
lack  of  knowledge  of  the  functions  of  some  of  the  soil  constituents 
in  plant  physiology;  but  there  is  no  doubt  that  these  soils  are 
below  the  average  for  the  United  States  in  fertility. 

It  seems  very  probable  that  the  Virginia  portion  of  this  belt  has 
a  higher  proportion  of  potassium  in  its  soil  than  the  rest,  on 
account  of  the  proximity  to  metamorphic  rocks  and  the  drier 
summers,  and  more  humus  on  account  of  the  richer  soil  and  less 

♦Bull.  Torrey  Club  40:  380-391.  1913;  41:  555.  1914;  Rep.  Fla.  Geol. 
Surv.  6:  19S.  230,  269.  328.     1914;  l-  123.     1915. 
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frequeot  fires.  South  Carolina  is  probably  above  the  average  in 
caldum,  phosphorus  and  iron,  on  account  of  the  occurrence  of 
those  elements  in  the  underlying  strata. 

Another  pretty  good  indication  of  soil  fertility  or  the  lack  of  it 
is  the  density  of  population,  proportion  of  "improved  land/'  and 
the  annual  expenditure  per  acre  for  fertilizers.^  In  the  table 
below  these  data  are  given  for  the  portions  of  the  belt  under  con- 
sideration in  each  state,  and  also  for  the  whole  of  each  state  and 
the  United  States,  as  computed  from  the  reports  of  the  loth  and 
13th  censuses-t 


Inhabiunts  per        Percentage  of    |  Expendimre  for 
\rtj^;g  «quju-e  mile  improved  land     fertilizer  per  ac  re 

1880         1910     I     iSSo  1910  i87T>  1909 


Pimus  Tasda  belt: 

Virginia 29.4  40.7  25.9  28.1  $0.45  li-89 

North  Carolina a8.8  ,   42.0  19-8  27.2  .41  2.67 

South  Carolina 27.5  41.0  18.4  30.0  ,      .73  3.47 


Whole  states: 

Virginia 377  Sia  33-0  38.3  .25  0.70 

North  Carolina 28.7  45.3  20.8  28.2  .^3  1.39 

South  Carolina 32.0  497  31.2  313  -64  2.49 


Whole  rnite<l  States 16.9       30.9       15.0       25.1    1      .10       0.24 

These  statistics  ought  to  make  it  plain  enough  that  the  soil  of 
the  Pinus  Taeda  belt  is  less  fertile  than  the  average  of  the  states 
in  which  it  lies,  and  that  in  this  belt  the  soil  fertility  tends  to 
decrease  a  little  southward.  The  great  increase  in  the  use  of 
fertilizers  between  1880  and  1910  probably  does  not  indicate  soil 
exhaustion  so  much  as  that  the  greatly  increased  output  of  the 
nitrate,  phosphate  and  potash  mines  in  other  parts  of  the  world, 
together  with  the  improvement  of  transfK)rtation  facilities,  makes 
it  possible  to  cultivate  with  profit  much  poorer  soils  than  formerly. 

Climate.  As  far  as  climate  is  concerned  it  will  probably 
suffice  for  present  purposes  to  give  for  one  station  in  each  state 
the  mean  temperature  for  Januar>%  July  and  the  year,  in  dcKrees 
Fahrenheit,  the  average  annual  precipitation,  in  inches,  and  the 

•  Sec  Science  II.  42:  500-503.     Oct.  8.  igi  v 

tFor  tome  similar  PtatiFtics  for  other  s(juthcA  tern  >tate^  ancj  their  citmr)nuc 
tlfnificance.  with  a  map  of  the  pine-barren  rcKion.  M»e  Journal  of  Gei»»{r.ipliy  14: 
42-4^.     Oct.  1916. 
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percentage  of  it  that  comes  in  the  four  warmest  months  (June  to 
September)  and  six  warmest  months  (May  to  October).  The 
stations  selected  are  Williamsburg,  Va  ,  Goldsboro,  N.  C,  and 
Blackville,  S.  C,  at  each  of  which  records  have  been  kept  for  more 
than  twenty  years.  The  figures  have  been  computed  from  the 
annual  summaries  of  the  U.  S.  Weather  Bureau  for  1913,  except 
that  a  few  obvious  typographical  errors  have  been  corrected  \vith 
the  aid  of  the  1912  summaries.  There  happens  to  be  no  station 
within  the  Virginia  portion  of  the  Pinus  Taeda  belt  with  a  suffi- 
ciently complete  record,  but  Williamsburg  is  only  a  short  distance 
away,  on  the  north  side  of  the  James  River. 


Stations  and  length  of  record 


Mean  temperature        I  Average  Precipitation 


Jan.    I     July    j  Annual  !  Annual '      4  mos. 


Williamsburg.  Va..  22  years . . . .  j  38.4° 

Goldsboro,  N.  C,  44  years 42.3° 

Blackville,  S.  C,  25  years i  46.4** 


76.8** 
79.8° 
81.7** 


57.1**  49.18  I  38.6% 
61. I**  51.8s  I  450% 
64.4**  U7:47  L^3% 


Si.9% 
60.0% 

58.3% 


The  milder  winter  southward  is  of  course  not  surprising.  The 
proportion  of  summer  rain  is  higher  here  than  in  most  places  a 
little  farther  inland,  but  lower  than  in  the  neighboring  Cape  Fear 
pine-barrens.*  The  wetness  of  the  summers  in  North  Carolina, 
especially  as  compared  with  Virginia,  is  significant,  and  helps 
explain  some  of  the  differences  in  soil  and  vegetation. 

Vegetation.  The  prevailing  type  of  upland  vegetation  in  this 
region  resembles  the  typical  pine-barrens  farther  south  except  in 
having  more  Pinus  Taeda  than  Pinus  palustris,  more  deciduous 
trees,  and  more  shrubs.  The  flat  areas  and  shallow  depressions 
previously  mentioned  generally  have  either  pocosin  or  cypress 
pond  vegetation,  the  former  being  commonest  in  North  Carolina 
(but  more  characteristic  of  the  Cape  Fear  pine-barrens)  and  the 
latter  in  South  Carolina.f     Both  alluvial  and  non-alluvial  swamps, 

*  For  similar  data  for  other  places  see  Bull.  Torrey  Club  37:  415-416.  1910; 
41:  556-557.     1914;  Rep.  Fla.  Geol.  Surv.  6:  182-183.     1914. 

t  The  "savannas"  described  by  Chapman  and  the  "bays"  described  by  Coker, 
in  the  works  on  South  Carolina  vegetation  already  cited,  must  be  very  similar  to 
pocosins.  while  Chapman's  " pocosins "  and  Coker's  "savannas "  seem  to  be  essentially 
cypress  ponds.  This  does  not  necessarily  indicate  that  these  authors  used  the  terms 
incorrectly,  but  rather  that  local  usage  varies  from  place  to  place.  Readers  who  are 
not  familiar  with  the  term  "pocosin"  can  find  references  in  Bull.  Torrey  Club  37: 
415  (first  footnote).     1910;  and  New  Internat.  Encyc.  II.  x8:  761.     1916. 
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July  19,  1908.  Sufifolk  to  Emporia,  Va.,  by  the  Southern  Ry.  (Torreya  9: 
219-321,  223-226.    Nov.  1909.) 

July  26,  1909.  On  the  Seaboard  Air  Line  in  southwestern  South  Carolina  from 
the  Salkehatchie  River  to  the  North  Fork  of  the  Edisto.  (Bull.  Torrey  Club  37: 
403-406,  411.  413-414.  418-420.  1910.  This  covers  the  work  of  the  next  two  days 
also.) 

July  27.  1909.  Laurel  Hill  to  Rosindale,  N.  C,  by  the  Seaboard  Air  Line,  and 
Verona  to  New  Bern  by  the  Atlantic  Coast  Line. 

July  28, 1909.  New  Bern  to  Mackey's  Ferry,  N.  C,  by  the  Norfolk  &  Southern 
Ry.  (now  Norfolk  Southern  R.  R.)- 

March  4,  191  o.  Perry  to  Allendale,  S.  C,  by  the  Southern  Ry.  (Bull.  Torrey 
Club  38:  225-226.     191 1.) 

Aug.  22,  1913.  Aiken  to  Ashley  Junction,  S.  C.  by  the  Southern  Ry.,  with  a 
stop  of  about  an  hour  at  BranchviUe,  which  allowed  some  observations  on  weeds. 
(Torre3ra  16: 243.  1916.)  Ashley  Jimction  to  Florence,  S.  C.  (same  route  as  on  July 
26,  1906)  later  in  the  day. 

Aug.  23.  1913.  Florence,  S.  C,  to  Parkton,  N.  C,  and  Fayetteville  to  Selma, 
N.  C,  by  the  Atlantic  Coast  Line.  Selma  to  Goldsboro  by  the  Southern  Ry. 
Goldsboro  to  Beaufort,  N.  C.  by  the  Norfolk  Southern  R.  R..  but  note-taking 
^interrupted  by  darkness  near  Mansfield,  about  89  miles  from  Goldsboro. 

Aug.  26.  1913.  Beaufort  to  Kinston.  N.  C,  by  the  Norfolk  Southern  R.  R..  and 
on  foot  from  Kinston  to  Dover  and  the  big  pocosin  near  by.  (See  Pop.  Sd.  Monthly 
85:  354.    Oct.  1914.) 

Aug.  27.  1913.  Kinston  to  Halifax,  N.  C,  by  the  Atlantic  Coast  Line.  (Notes 
taken  later  in  the  day  along  or  near  the  fall-line  north  of  Halifax  are  not  counted  here.) 

March  3,  19 14.  North  Fork  of  the  Edisto  to  the  Salkehatchie  River  in  South 
Carolina,  by  the  same  route  as  on  July  26. 1909,  at  the  rate  of  about  44  miles  an  hour. 

Dec.  16,  1915.  Florence,  S.  C,  to  Pembroke,  N.  C,  by  the  Atlantic  Coast 
Line,  and  on  foot  along  the  Seaboard  Air  Line  for  a  few  miles  northwest  of  Pembroke, 
to  get  one  of  the  same  plants  seen  there  in  1905. 

These  trips  together  comprise  about  1,560  miles  of  railroad 
travel  in  53  hours  (including  perhaps  200  stops  of  half  a  minute 
or  more  at  stations),  and  40  miles  of  walking  in  21  hours;  and 
touch  about  five-sixths  of  the  counties  in  the  whole  region.  By 
states  the  field  work  might  be  summed  up  as  follows:  Virginia, 
one  day  in  June  and  three  in  July;  North  Carolina,  one  in  June, 
four  in  July,  three  in  August,  one  in  November,  one  in  December; 
South  Carolina,  two  in  March,  four  in  July,  two  in  August,  one  in 
December.  If  observations  could  have  been  made  in  April,  May, 
September  and  October  the  list  of  herbs  would  be  more  complete 
and  accurate,  but  it  is  not  likely  that  any  tree  that  makes  up  as 
much  as  i  per  cent  of  the  vegetation  has  been  overlooked,  except 
in  cases  of  closely  related  species  that  are  difficult  to  distinguish. 

Methods  of  Analysis.  Notes  on  the  vegetation  were  taken  on 
practically  every  mile,  and  from  these  the  percentages  given  below 
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have  been  calculated.  As  car-window  notes  cannot  do  justice  to 
the  abundance  of  some  of  the  conifers,  I  have  arbitrarily  multiplied 
my  figures  for  Pinus  Taeda  and  P.  palustris  by  5  and  for  other 
conifers  by  3  before  calculating  the  percentages.  The  figures  for 
Comus  florida,  Salix  nigra,  Oxydendrum,  Carpinus  and  Planera 
have  been  divided  by  2  on  account  of  the  small  size  of  those  trees, 
for  the  object  of  this  study  is  to  analyze  the  vegetation  volu- 
metrically.  The  figures  for  a  few  still  smaller  trees,  or  large  shrubs 
(listed  after  the  regular  trees)  have  been  divided  by  10,  those  for 
ordinary  shrubs  and  woody  vines  by  100,  and  those  for  herbs  by 
500.^  Species  seen  less  than  five  times,  which  are  presumed  to 
make  up  a  wholly  insignificant  part  of  the  total  vegetation,  are 
omitted,  as  are  all  bryophytes  and  thallophytes,  which  are  still 
smaller  and  less  conspicuous,  on  the  average,  than  vascular  herbs. 
The  fact  that  nearly  all  my  walking  in  this  region  has  been  done 
in  North  Carolina  tends  to  exaggerate  the  shrubs  and  herbs  in  the 
middle  portion,  but  allowance  is  made  for  that  in  the  generalizations 
which  follow  the  list. 

These  percentages  of  course  cannot  be  guaranteed  to  be  accu- 
rate within  10  per  cent.,  but  they  are  reasonably  consistent  with 
pre<onceived  notions  and  known  facts.  In  C.  S.  Chapman's 
report  on  Berkeley  County,  S.  C,  previously  mentioned,  there  is 
a  multitude  of  detailed  statistics  from  which  the  percentages  of 
the  commoner  trees  in  that  particular  area  can  be  computed,  and 
that  serves  as  a  check  on  my  results.  But  his  figures  cannot  be 
taken  as  representative  of  the  whole  Pinus  Taeda  belt,  for  several 
reasons.  In  the  first  place,  his  area  is  too  small  and  too  far  from 
the  center  to  be  thoroughly  typical,  and  being  the  property  of  a 
lumber  company  it  probably  contains  more  pine  than  the  average. 
Second,  some  of  the  species  are  wrongly  identified,!  and  some  very 
common  ones,  such  as  Pinus  serotina  and  Quercus  marylandica, 
are  omitted  from  the  statistics  though  mentioned  as  occurring. 

The  species  are  arranged  in  order  of  abundance  in  the  region 
as  a  whole,  but  the  percentages  are  given  separately  for  each  of 
the  three  states  involved,  in  order  to  bring  out  certain  interesting 

*  This  it  a  modification  of  a  method  described  in  the  6th  Annual  Report  of  the 
Florida  Geological  Survey,  pp.  177-180. 
t  See  Bull.  Torrey  Club  34:  J  "5  J.     i'><)7- 


Digitized  by  VjOOQIC 


50        Harper:  Vegetation  of  the  Pinus  Taeda  belt 

features  of  local  distribution.  The  total  percentage  is  given  first, 
then  the  name  of  the  species,  its  usual  habitat  in  the  region,  and 
the  percentages  for  the  three  states.  Percentages  too  small  to  be 
represented  without  using  too  many  decimal  places  are  replaced 
by  o,  but  where  a  species  has  not  been  seen  at  all  in  one  of  the 
states  the  space  is  left  blank.  Percentages  are  given  for  herbs 
only  in  the  case  of  a  few  of  the  most  abundant  species,  for  to 
attempt  it  for  all  of  them  would  be  a  refinement  wholly  un- 
warranted by  my  crude  methods,  and  would  require  too  long 
decimals.  The  highest  number  in  each  line,  if  it  is  reasonably 
certain  that  more  thorough  exploration  will  not  overturn  its  plu- 
rality, is  printed  in  heavier  type,  so  that  the  reader  can  run  down 
one  column  at  a  time  and  pick  out  the  characteristic  species  for 
each  state.  The  names  of  evergreens  are  printed  in  heavier  type 
(in  the  case  of  semi-evergreens  only  the  specific  name),  and  those 
of  weeds  enclosed  in  parentheses. 

list  of  plants 

Trees 

Va. 

46.4  Pinus  Ttedft Nearly  everywhere 58.1 

Z6.4  Pinus  palustrit Driest  soils o 

6.2  Pinus  sarotina Damp  sandy  places i.o 

3.7  Taxodium  distichum Richer  swamps 8.7 

3.4  Liquidambar  Styradflua . .  Various  habitats $,$ 

3.3  Nyssa  biflora Ponds  and  swamps 1.8 

3.3  Taxodium  ascendens Ponds  and  small  swamps  — 

1.7  Quercus  marylandica Driest  soils 0.8 

1.6  Pinus  echinata Driest  soils 7.8 

1.5  Liriodendron  Tulipifera.  ..Branch-swamps  mostly  .  2.$ 

1.4  Acerrubrum Swamps 1.0 

1.4      Magnolia  glauca Non-alluvial  swamps. ...  x.8 

0.8      Quercus  falcata Dry  soils 0.9 

0.8      Quercus  Catesbaei Dry  sandy  soils o.i 

0.6      Nyssa  uniflora Alluvial  swamps x.9 

0.6      Comus  florida Uplands 0.9 

0.5      Quercus  alba Richer  soils z.9 

0.5      Quercus  Phellos Low  grounds  mostly. .. .  0.3 

0.5      Saliz  nigra Along  streams  mostly. . .  0.9 

0.4      Quercus  nigra Low  grounds  mostly. ...  0.2 

0.3      Quercus  stellata Uplands o.a 

0.3      Betula  nigra Along  creeks  and  rivers. .  o.S 

0.3      Oxydendrum  arboreum .  . .  Uplands 0.6 

0.2      Dez  opaca Hammocks,  etc 0.6 


N.  C. 

S.C 

49.9 

40.4 

X2.I 

a5.6 

8.3 

4.7 

3.3 

3.1 

3.7 

a.6 

4.0 

2.9 

3.1 

4-5 

Z.8 

1.7 

0.7 

1.3 

1.6 

1.3 

X.7 

i.a 

1.7 

I.I 

Z.I 

0.4 

o.S 

x.a 

o.S 

o.S 

0.8 

0.3 

0.7 

o.z 

o.S 

0.6 

0.6 

0.4 

0.3 

0.5 

0.4 

0.3 

0.3 

0.3 

0.4 

0 

0.2 

o.a 
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o.a 

o.a 

O.I 

o.s 

0.9 

o.x 

— 

o.z 

o.a 

0.1 

0.3 

— 

0.1 

0^ 

O.I 

o.x 

o.a 

0.5 

0.1 

0.1 

— 

0.1 

o.a 

— 

0.3 

0 

— 

0.1 

0.1 

— 

0 

0.1 

— 

0 

0.1 

— 

— 

o.a 

— 

0 

0.1 

— 

o.z 

0 

0 

.03 

.05 

0 

.oa 

.oa 

— . 

^x 

— 

o.a  Fagut  gimndifoUa Hammocks,  etc. 

o.a  (Dioapyrot  virginlana) Old  fields,  etc 

o.a  Fnodnus  carolinJana Swampt 

o.t  Quercus  Michaozii Bottoms,  etc 

0.1  Hicorla  alba? Richer  soils 

0.1  HiooHa  aquatlca Alluvial  swampt 

0.1  Platanos  ocddentalis Alluvial  swamps 

o.t  Quercus  dnerea Sandy  uplands 

0.1  Oordonla  Laaiaatlioa Non-alluvial  swamps 

0.1  Jwdpania  vtrglalaaa 

0.1  Populus  beteropbylla Alluvial  swamps 

0.1  Quercus  lyrata Alluvial  swamps 

o.x  Ptanera  aquatica Alluvial  swamps 

0.1  Quarcoa  laurtfoUa 

o  Carpinus  caroUniana Bottoms,  etc 

(and  about  23  others) 

Small  tkbbs  or  lakcb  shrubs 

.04    (Prunus  anfustifoUa) Old  fields,  etc 

.oa    (Sassafras  variifolium) Old  fields,  etc 

^i     Fersea  pubescens Non-alluvial  swamps. .. . 

(and  5  others) 

Woody  vinbs 

.005  Smilai  laortfoUa Non-alluvial  swamps. ...  —  .ot           o 

.001  (Lookara  japonica) Roadsides,  etc —  o            o 

.001  Tecoma  radicans o  o            o 

o      SmUaz  Walteri Swamps —  00 

(and  about  8  otben) 

Shrubs 

.014  Araadiaaria  tacta Low  grounds 

.oxa  Myrica  carifara Richer  soils 

.0X1  Alnusmgoaa Swamps 

007  Oethra  alnifoUa Damp  sandy  soils 

.007  Das  glabra Damp  sandy  soils 

.006  Cyrilla  racamiflora Swamps 

.006  Phoradaadron  flavaacaaa  .On  hardwood  trees. . . 

.006  Rhus  copallina Uplands 

.004  Quercus  pumila Pine-barrens 

4)03  MagnoHa  glanca^ Low  pine-barrens 

.00a  Liquldambar  Stsrradflua. .  Low  grounds 

.001  Viburnum  nudum Branch-swamps,  etc. . 

4K>x  AraUa  spinosa Richer  soils 

.oox  Plaris  Bfttlda Pocosins.  etc 

.001  (Diospyros  virginiana) 

.001  (Rubus  cuneifolius) Roadsides,  etc 

.001  Cephalanthus  ocddentalis. Swamps  and  ponds. . 


.oa 

.oa 

.01 

.03 

.ox 

.01 

.03 

.01 

.01 

.01 

.01 

.01 

.01 

.oz 

0 

— 

.01 

— 

.01 

.01 

.01 

01. 

.01 

0 

— 

0 

.ox 

— 

0 

0 

0 

0 

0 

— 

0 

0 

— 

0 

0 

— 

0 

0 

0 

0 

0 

0 

0 

0 

— 

0 

0 

•  See  Bull.  Torrey  Club  34:  37»-37a.     1907. 
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.001  ZenobU  castiiiifolia Pocosins,  etc —  o  — 

.001  Decodon  vertidllatus Swamps —  o  — 

.001  BacchariB  halimifolia Low  grounds —  o  6 

.001  MyricA  pumlU Pine-barrens —  o  o 

o      Hypeficom  fasdculatttm  .  .Cypress  ponds,  etc —  o  o 

o      ABcyrvua  stant Damp  sandy  places —  o  — 

(and  about  25  others) 

Herbs 

.005  Eupatorium  rotundifolium.Low  pine  land 001  .005  .005 

.003  (Helenium  tenuif  olium) . . .  Roadsides,  etc o  .003  .003 

.00a  TiUandsia  osneoides On  trees —  .001  .005 

.002  Sarraoenia  flaTt Low  pine-barrens —  .003  .001 

.002  Chondrophora  nodata Low  pine-barrens —  .003  .001 

.002  (Leptilon  canadense) Fields  and  roadsides. ...        o  .002  .001 

.001  Pteridium  aquilinum Pine  lands 001  .001  .002 

.001  Aristida  ttricta* Pine-barrens —  .002  o 

.001  Polygala  lutea Low  pine-barrens 001  .002  o 

.001  Lespedeza capitata sericea. Pine  lands —  .ooz  .001 

.001  (Ssmtherisma  sanguinale)  .Fields,  etc o  .001  .001 

.001  (Senecio  tomentosus) Roadsides,  etc 006  .001  o 

.001  Rhexia  Alifanus Low  pine-barrens —  .ooz  o 

.001  Chrytopsis  graminifolia. . .  Uplands 001  .001  .ooi 

.001  Scirpus  Eriophorum Low  grounds o  .001  .ooz 

.001  Habenaria  dliaris Low  pine  land o  .ooz  o 

.001  (Euthamia  caroliniana) . .  .Roadsides,  etc —  .ooz  o 

.001  Osmunda  dnnamomea. . .  .Low  grounds o  .001  .ooz 

.001  Polygala  ramosa Low  pine-barrens o  .ooz  — 

.001  (Ambrosia artemisiifolia).. Fields  and  roadsides. .. .        o  .ooz  .ooz 

.ooz  Marshallia  graminifolia. . .  Low  pine-barrens —  .ooz  o 

.ooz  Panicum  hemitomon Shallow  ponds,  etc —  o  .ooz 

o      Campulosus  aromaticus. .  .Low  pine-barrens —  .ooz  o 

o       Habenaria  blephariglottis  .  Edges  of  swamps —  .ooz  — 

o      Erianthus  sp Pine  woods —  .ooz  o 

o      Eriocaulon  decazigulare . .  .Low  pine-barrens —  .ooz  o 

o      Anchistea  virginica Around  ponds,  etc —  .ooz  o 

o      Afzelia  cassioides Pine  lands —  o  .ooz 

o      Lilium  Catesbaei Low  pine-barrens —  .ooz  o 

o      Polygala  cymota Cypress  ponds —  o  .ooz 

o       (Acantbospcrmum  aus- 

trale) Roadsides,  etc o  .ooz  o 

o      Andropogon  scoparius?  . . .  Uplands o  o  .ooz 

o      Eupatorium  purpureum. .  .Branch-swamps 000 

o      Vemonia  angustifolia Dry  pine-barrens —  o  o 

o      Nymphaea  tagittifoUa Creeks  and  small  rivers  .        —  .ooz  o 

o       (Rh)rncho8pora  inexpansa).Low  grounds 001  .ooz  — 

o      Mesadenia  lanceolata Low  pine-barrens —  —  .ooz 

o      Xyris  sp Low  pine  lands ooz  o  o 

♦See  Bull.  Torrey  Club  37*  601-602.     1911. 
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o  (Stenophyllut  floHdanut) . .  Cultivated  fields —  —  .oox 

o  OzypolU  filifonnic CypreM  ponds,  etc —  o  o 

o  Pontederia  cordata Cypress  ponds,  etc —  o  o 

o  Tjrpba  laUfoUa Marshes  and  ditches o  o  o 

o  (Dlodia  teres) Roadsides,  etc —  o  o 

o  (Gnaphalium  obtu8ifoUum)01d  fields —  o  .oox 

o  Eupatorium    vcrbenaefol- 

lum Low  pine  land —  o  — 

o  Andropogon  sp —  o  o 

o  Habenaria  cristata? Low  pine  land —  o  o 

o  (Atalinis  fasdculaU?) Old  fields —  o  o 

o  Solidag o  sp —  o  o 

o  (Chaetochloa  sp.) —  o  0 

o  Rhynchospora  axillaris Low  pine-barrens —  o  — 

o  (Eupatorium  capiUlfoliuni) oot  o  o 

o  (Lespedeia  striata) Roadnides.  etc —  o  o 

o  Ludwigia  pilosa Ponds,  etc —  o  o 

o  Andropogon  glomeratus?. . Low  grounds —  o  o 

o  lonactis  linariifoUus Dry  woods —  o  o 

o  Monarda  punctata —  o  — 

o  Carphephonis  bellidifolius?Pine  lands —  o  — 

o  Agalinls  Unifolia Cypress  ponds —  o  o 

o  (Eupatorium  compositi- 

folium) Road«ide«.  etc —  o  o 

o  (Sarothra  gentianoides) .  .  .  Old  ficld<«.  etc —  o  o 

o  Lycopodlnm  alopacnroides.Low  pine-barrens —  o  -* 

o  Mikania  scandens Swamps —  o  o 

o  Ladniaria  spicaU? Low  pine-barrens —  o  o 

o  Zygadenusglaberrimus Low  pine-barrens —  o  o 

o  (Sida  rhombifolia) Roadside*,  etc —  O  o 

o  Me^osphaerum  radiatum.   Low  pine- tHurens —  —  O 

o  Iris  Tarticolor Ix>w  grounds o  o  

o  Helianthusangustifolius. .  .Low  pine  land —  o  

o  (Chamaecrista  fa8cicutaia).()ld  fields,  etc —  o  o 

o  (Polypremum  procumbrn<;Roadsidrit.  etc —  o  o 

o  Eriogonum  tomantoanm . . .  Dry  sand —  —  o 

o  Sabbatia  lanceolata Low  pine-ttarrens —  o  

o  Dichromena  latifolia Low  pinc-t>arrens —  o  o 

o  Rhynchospora  comic u lata  Low  grounds o  o  o 

o  Erianthus  strictus Low  grounds —  o  o 

o  Juscus  sdrpoides Low  grounds —  o  

o  Cicuta  Curtissii Low  grounds o  o  

o  (Cyperus  rotundus) Fields,  etc —  o  o 

o  Rhexia  mariana?  Low  ground^ o  o  

o  Hyaiphaaa  lliiTiatiUs.'  ...   River  swamps __  o  o 

o  SUphium  com posi turn.**. .    .Dr>-  pine  land o  o  o 

'O  Iris  tripeula Low  groundn —  O 

o  f^arracenia  purpurea       .  .    P<Kosin*.  etc —  o  

(and  aUnil  i6o  other-; 
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Just  how  much  a  census  taken  at  the  time  of  the  discovery 
of  America  would  have  differed  from  this  it  is  impossible  to  say. 
It  is  very  likely,  however,  that  Pinus  Taeda  has  replaced  P. 
.  palustris  to  a  considerable  extent  through  the  influence  of  civiliza- 
tion, as  claimed  by  Ashe  and  others;  one  of  the  reasons  for  the 
change  probably  being  the  diminishing  frequency  of  fire,  for  P. 
Taeda  is  more  sensitive  to  fire  than  P.  palustris  is. 

The  percentages  of  evergreens  are  for  Virginia  694,  North 
Carolina  73.6,  South  Carolina  75.7,  and  for  the  whole  region  74.0. 
The  correspondence  between  these  figures  is  close  enough  to  give 
confidence  in  the  method  used,  and  at  the  same  time  the  differences 
are  just  what  one  would  expect  from  the  slight  differences  in  soil 
fertility  in  the  three  states  already  pointed  out.* 

So  many  of  the  Ericaceae  and  Leguminosae  are  not  readily 
recognizable  from  a  moving  train  that  it  is  hardly  worth  while  to 
attempt  to  give  statistics  for  these  plants  for  each  state  separately, 
but  for  the  whole  region  the  proportion  of  Clethraceae,  Ericaceae 
and  Vacciniaceae  among  the  shrubs  seems  to  be  about  12  per  cent, 
and  of  Leguminosae  and  allied  families  among  the  herbs  about 
4  per  cent.  The  figure  for  Ericaceae  is  the  same  as  that  already 
obtained  for  northern  Floridaf  while  that  for  Leguminosae  is 
lower.  It  is  reasonably  certain  that  the  Ericaceae  are  most 
.abundant  in  North  Carolina  and  the  Leguminosae  in  South 
vCarolina. 

By  contrasting  the  more  characteristic  plants  of  each  division 
we  can  get  some  interesting  facts.  In  the  following  table  the 
species  which  are  most  abundant  in  the  Virginia  portion  are  listed 
in  the  first  column,  the  same  for  North  Carolina  in  the  second, 
and  for  South  Carolina  in  the  third.  They  are  arranged  in  order 
of  abundance,  just  as  in  the  preceding  table.  Those  starred  seem 
to  be  at  least  twice  as  abundant  in  the  state  indicated  as  in  either 
of  the  other  two. 

This  table  confirms  in  a  general  way  observations  of  a  similar 
nature  made  in  passing  through  the  same  three  states  in  1906, 
but  taking  in  a  larger  and  more  diversified  area.J    The  proportion 

♦  Previous  estimates  of  evergreen  percentages  for  parts  of  the  Carolina  coastal 
plain  (summarized  in  Bull.  Torrey  Club  41:  563-564.  IPM)  are  now  believed  to 
be  too  low. 

t  Ann.  Rep.  Fla.  Geol.  Surv.  6:  395-     1914. 

X  Bull.  Torrey  Club  34:  363-366.     1907. 
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VnGuoA 

Pinos  Tmtdm 
^azodium  dittlchum 

Liqtildaint»r  Styrrndflim 
^Pfaios  cchinau 
*Liriodendron  TuUpiferm 

Comus  florida 
*NyMa  unillorm 
^Querciit  alba 

Saliz  nicra 

Osydendrum  arboreum 

B«Ctila  nicra 
^Dczopaca 

Dkwpyroa  rirginiana 
^Platanus  ocddentalis 


Myrica  cerifera 
*Al]n»nicota 
Rhtta  copallina 
L4qaJdambar  Styraciflua 


^Sencdo  tomeototus 
Eapatorium  capiUifoliiim 


North  Carolina 
Tr$4S 
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Aralia  spinosa 
•Pieris  niUda 
^Zenobia  castinif  olla 

Decodon  verticillatus 
^Ascyrum  stanB 

Htrhs 
*Sarracenia  flava 
*Chondrophora  nudata 

Leptilon  canadenae 
•Aristida  ttricu 
*Potygala  lutea 

Letpedcza  capitata  sericea 
^Rhcxia  Alifanus 
^Habenaria  dliaris 
^Euthamia  caroliniana 
^Polygala  ramo^a 
^Marshallia  graminifolia 
*Campulo9U8  aromaticus 
*Habenaria  blephariglottia 
^EriocauIoQ  dccangulare 
•Anchistca  vlrginica 
*Lilium  Catesbttci 
(and  24  othcTB) 


South  Carolina 

*Pinos  paluftris 
Taxodium  aacendeni 

^Querent  Catetbael 
Quercua  nigra 
Frazinos  caroliniana 
Quercua  Michauzii 
Hicoria  alba? 
Hicoria  aquatica 
Quercua  dnerea 
Populut  heterophylla 

^Planera  aquatica 

*Quercut  lyrata 
Juniperus  virginiana 
Quercua  laurifolia 

Prunua  anguatifolia 
Tecoma  radicans 


Phoradendron  flavescena 

*Quercuf  pumita 
Diotpyroa  virginiana 
Baccharis  halimif  olia 

^Hypericum  fasdculatum 


Hdenium  tcnuifolium 
^illandsia  usneoidea 
^Ptcridium  aquilinum 
♦Chrysopsis  graminifolia 
♦Scirpus  Eriophorum 

Osmunda  cinnamomea 

Ambrosia  artemisiifolia 
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of  trees  is  evidently  highest  in  Virginia,  and  of  shrubs  and  perhaps 
herbs  in  North  Carolina. 

Without  taking  up  undue  space  by  considering  each  species 
separately,  it  may  be  said  that  those  in  the  Virginia  list  are 
mostly  species  that  prefer  soils  richer  in  potash  or  humus  than  the 
average  of  the  region.*  Those  in  the  North  Carolina  list  are 
largely  plants  of  moist  pine-barrens  or  sandy  or  peaty  bogs,  called 
*'bog  xerophytes"  by  some  American  ecologists,  and  *'oxylo- 
phytes"  by  Warming.  Some  of  those  in  the  South  Carolina  list 
may  be  restricted  in  their  northward  distribution  by  temperature, 
as  suggested  in  1907.  Others  are  characteristic  of  cypress  ponds, 
and  some  apparently  prefer  more  ferruginous  or  phosphatic  soils 
than  the  average  of  the  region.  (This  may  apply  especially  to 
the  genus  Quercus,  of  which  there  is  one  in  the  first  column,  none 
in  the  second,  and  seven  in  the  third.)  Some  of  the  herbs  are 
weeds,  but  just  why  weeds  should  be  more  abundant  in  South 
Carolina  is  not  apparent.  It  is  probably  by  such  comparisons 
as  these,  preceded  by  careful  analyses  of  environmental  factors, 
that  we  can  make  the  most  progress  in  discovering  just  what  is 
the  optimum  environment  for  each  species. 

Volumetric  and  dynamic  studies.  From  reports  of  foresters  on 
more  or  less  similar  areas  (which  need  not  be  cited  here),  the  stand 
of  timber  at  the  present  time  may  be  estimated  roughly  as  6,000 
board  feet  of  lumber  per  acre.  This  is  equivalent  to  500  cubic 
feet;  but  to  make  allowance  for  slabs,  sawdust,  tops,  saplings, 
bushes,  etc.,  the  latter  figure  should  be  just  about  doubled,  making 
1,000  cubic  feet  of  wood  per  acre. 

The  average  increment  of  partly  culled  forests  of  Pinus  Taeda 
is  at  least  3  per  cent,  annually,  and  as  that  is  the  most  abundant 
species  in  the  region  under  consideration  we  will  not  be  far  wrong 
if  we  take  3  per  cent,  for  the  annual  increment  of  the  whole 
vegetation,  which  would  make  30  cubic  feet  of  wood  per  acre  per 
year. 

The  dry  wood  of  Pinus  Taeda  weighs  34  pounds  per  cubic 
foot,  according  to  Sargent,  but  that  of  most  of  the  other  trees  is 


♦  Several  of  the  same  species  were  found  a  few  years  ago  to  be  more  abundant 
in  the  pine-barrens  of  Mississippi  than  in  those  of  Georgia;  doubtless  for  similar 
reasons.     See  Bull.  Torrey  Club  41:  563.     1914. 
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heavier,  so  that  we  will  assume  the  average  weight  to  be  37  pounds, 
and  that  of  the  woody  increment  1,110  pounds  per  acre. 

The  percentage  of  ash  in  the  wood  is  0.26  in  Pinus  Taeda,  but 
more  in  most  of  the  other  trees,  say  0.32  on  the  average,  which 
would  make  over  three  pounds  of  mineral  matter  taken  each  year 
from  the  soil  by  the  wood  alone.  As  the  inorganic  constituents 
of  plants  are  chiefly  concentrated  in  leaves  and  bark,  and  the 
herbs,  which  are  renewed  from  the  ground  up  every  year,  probably 
take  as  much  from  the  soil  per  acre  per  year  in  such  open  forests 
as  the  trees  do,  we  may  safely  multiply  the  last  figure  by  forty  or 
fifty,  making  something  like  150  pounds  per  acre  (equivalent  to  a 
layer  of  soil  about  0.0005  inch  deep)  for  the  annual  draft  on  the  soil. 

This  is  less  than  is  taken  from  the  soil  by  the  average  culti- 
vated crop,  even  without  fertilization,  and  it  all  goes  back  to 
the  soil  in  the  course  of  time,  except  what  is  removed  by  lumbermen 
and  grazing  animals  or  carried  away  by  streams.  Fire,  though  it 
destroys  the  humus  and  thus  dissipates  the  nitrogen,  at  the  same 
time  accelerates  the  return  of  the  mineral  substances  to  the  soil,  and 
thus  enables  forests  of  the  pine-barren  t>'pe  to  do  a  large  business 
on  a  small  capital,  so  to  speak.  The  gradual  erosion  of  the  whole 
surface,  continually  exposing  deeper  layers  of  soil,  is  probably 
sufficient  to  counteract  the  leaching  and  keep  the  soils  from  becom- 
ing steadily  poorer. 

The  amount  of  water  evaporated  by  average  vegetation  in 
moderately  humid  regions  is  said  to  be  about  700  pounds  to  one 
pound  of  dr>*  vegetable  tissue,  and  if  the  total  amount  of  vegetable 
matter  produced  in  a  year  is  four  times  the  amount  of  new  wood 
estimated  above,  or  4,440  pounds  per  acre,  the  water  required 
for  the  region  in  question  would  be  3,108,000  pounds  per  acre, 
equivalent  to  about  16  inches  of  rain,  or  less  than  half  as  much 
as  would  evaporate  from  open  water  in  that  climate.* 

The  foregoing  estimates  are  only  crude  approximations,  but 
probably  lie  somewhere  bet^^'een  half  and  double  the  correct 
figures;  and  when  such  a  method  is  applied  with  skill  and  patience 
to  the  vegetation  of  diff^erent  regions,  or  different  habitats  in  the 
same  region,  it  ought  to  yield  some  extremely  significant  results. 

CoLLBGB  Point,  Nkw  York 

•Se<  TrmnMau.  Am.  Nat.  39:  885;   Rep.  Muh,  Acad.  Sti.  7:  74.     1905. 
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Notes  on  Rosaceae — XI 

Per  Axbl  Rydberg 

Roses  of  California  and  Nevada 

Two  years  ago  I  had  practically  completed  the  manuscript  for 
the  monograph  of  the  genus  Rosa  to  be  printed  in  the  North  Amer- 
ican Flora.  As  this  would  only  make  half  a  part  as  usually  pub- 
lished, and  as  the  rest  of  the  manuscript  for  the  same  part,  which  is 
to  be  contributed  by  other  persons,  is  not  yet  ready  and  may  not  be 
for  some  time,  I  thought  it  would  be  advisable  to  publish  some  of 
the  notes  and  some  of  the  descriptions  of  new  species  in  advance. 
Besides,  Professor  Le  Roy  Abrams,  of  the  Leland  Stanford  Uni- 
versity, has  sent  me  for  determination  the  collection  of  North 
American  roses,  found  in  the  herbarium  of  the  said  institution. 
I  therefore  think  it  is  a  proper  time  to  put  on  record  my  present 
knowledge  of  the  genus  i?05a,  with  particular  reference  to  California 
and  Nevada,  the  two  states  best  represented  in  that  collection. 

Key  to  tlie  KTonps  and  ■peclea 

Pistils  Dumeroui;  stylo  as  well  as  the  upper  part  of  the  hypan- 
thium  persistent. 
Flowers  corymbose  or,  when  solitary,  supported  by  bracts; 
achencs  borne  both  on  the  inner  walld  and  in  the 
bottom  of  the  receptacle;  leaflets  large. 
Stem  with  scatterefl  prickles,  rarely  aK<»  with  inter- 
mixed bristles;  Kcpals  distinctly  lolH-ti;  loliagr  aUm- 
dular-punctate,  swoet-scmtcd.  I.  Camnae. 

5>tem,  at  least  the  young  shoot'^.  bnsily;  prii  kl<s  infia- 
fltlpulmr  or  lacking;  sepal-*  entire  or  only  the  outer 

(The  BtlxitTiN  for  January  (44:  1-64)  wa-*  ismumI  h.bruary  12.  lyi;  ] 
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II.   ClNNAMOMIAB. 


ones  occasionally  with  one  or  two  lobes;  foliage  not 
sweet-scented. 
Flowers  solitary,  bractless;  achenes  inserted  only  in  the 

bottom  of  the  hypanthium;  leaflets  very  small.  III.  Minutifolxab. 

Pistils  few;  styles  deciduous  with  the  upper  part  of  the  hypan- 
thium which  falls  off  like  a  ring.  IV.  Gymnocarpab. 


A  climbing  rose. 


I.     Caninae 


II.      ClNNAMOMIAB 


Flowers  mostly  solitary;  petals  usually  2.5  cm.  long  or  more; 
hypanthium  in  fruit  12-20  mm.  thick;  prickles  straight. 
Prickles  stout,  more  or  less  flattened  below,  ascending; 
petioles,  rachis,  and  lower  surface  of  the  leaflets  not 
pilose,  except  sometimes  on  the  veins. 
Leaflets  very  thin,  pale  and  slightly  gland ular-puber- 
ulent,  but  not  muriculate  beneath. 
>  Leaflets  thicker,  dark-green  on  both  sides,  conspicu- 

ously gland ular-muricate  beneath. 
Prickles  weak,  almost  terete;  petioles,  rachis,  and  lower 
surface  of  the  leaflets  distinctly  pilose. 
Flowers  mostly  corymbose;  if  solitary,  the  petals  2  cm.  long 
or  less;  fruit  rarely  more  than  i  cm.  thick. 
Prickles  more  or  less  curved;  leaves  more  or  less  softly 
villous  or  pilose. 
Leaflets  not  at  all  glandular  beneath,  mostly  simple- 
toothed;  hypanthium  with  a  distinct  neck,  often 
ovoid. 
Leaflets  conspicuously  glandular  beneath,  more  or  less 
double-toothed. 
Hypanthium  with  a' distinct  neck. 

Leaflets  broadly  oval   or  obovate;   fruit  sub- 
globose  or  broadly  obovoid. 
Leaflets  elliptic;  fruit  elongate-ellipsoid. 
Hypanthium   depressed-globose,   without   a   neck; 
leaflets  elliptic  or  narrowly  oval. 
Prickles  straight  or  nearly  so. 

Hypanthium  normally  not  bristly. 

Hypanthium  globose  or  nearly  so;  neck  obsolete 
or  inconspicuous. 
Sepals  lanceolate,  with  long  caudate-attenuate 
or  foliaceous  tips,  more  than  i  cm.  long. 
Stipules,     petioles,     and     rachis    copiously 
glandular;  leaflets  orbicular  or  rounded- 
ovate,  often  double-toothed  with  gland- 
tipped  teeth,  more  or  less  glandular- 
granuliferous  beneath. 
Leaflets  very  thin;  prickles  slender. 


I.  R.  rubiginosa. 


4. 


R.  nutkana. 
R.  muricuUiia, 
R,  Brownii. 


5.  R.  calif ornica. 


R.  Aldersonii, 
R.  Creenei, 


8.  R.  brachycarpa. 
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Leaflets  green  on  both  tides;  petals 

about  a  cm.  long.  9.  R.  pinetarum. 

Leaflets  pale  beneath;  petals  about 

I  cm.  long.  10.  R.  cclavera. 

Leaflets    not    very     thin,    dark-green; 
prickles  stout. 
Leaves  scarcely  pubescent  beneath.         3.  R.  muriculiUa, 
Leaves  decidedly  pubescent  beneath. 
Leaflets    rather    simply    serrate; 

hypanthium  pilose  when  young,     ti.  R.  saniat-crucis. 
Leaflets  conspicuously  double-ser- 
rate; hypanthium  glabrous.  la.  R.  Dudleyi, 
Stipules,  petioles,  and  rachis  not  conspicu- 
ously   glandular    (stipules    glandular- 
denticulate  in  no.  18). 
Leaflets  glabrous  or  nearly  so. 

Leaflets  broadly  oval.  3-5  cm.  long.        13.  R.  rivalis. 
Leaflets  obovate  to  elliptic,  rarely  3 
cm.  long. 
Leaflets  usually  obovate.  not  shin- 
ing;   plant    not    conspicuously 
prickly.  14.  R.  chrysocarpa. 

Leaflets    elliptic,    shining;    plant 

usually  very  prickly.  15.  R.  mohavtnsis. 

Leaflets  more  or  less  pubescent  beneath. 
Leaflets  villous  or  pilose  beneath, 
rounded  or  broadly  oval;  prickles 
stout. 
Leaflets  sparingly  pubescent  on 
both  sides,  thin;  prickles  rather 
few.  16.  R.  mvriantka. 

Leaflets  pubescent  on  both  sides, 
densely  so  beneath,  thick; 
prickles  very  numerous.  17.  R.  Davyi, 

Leaflets    finely    puberulent    beneath; 
prickles  rather  weak. 
Leaflets    rounded-oval    or   subor- 
bicular.  thick;  stipules  conspicu- 
ously gland ular-denticulate;  pe- 
tals le^s  than  i  cm.  long.  t8.  R.  rolundaia. 
Leaflets  elliptic  to  oval;  stipules 
slightly  if  at  all  glandular- 
dentate;  petals  larger. 
Sepals  decidedly  glandular  on 
the  back;  pricklr?  few,  small 
and  ascending.  19.  R.  fiiuHarf>a. 
Sepals   not    glantlular   on    the 
back. 
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Leaflets  broadly  oval,  thin, 

2-5     cm.     long;     plant 

nearly  unarmed. 

Leaflets  narrowly  oval  or 

elliptic,    less   than   3 

cm.  long. 

Leaflets    firm;    prickles 

few. 
Leaflets    thin;    prickles 
numerous. 
Sepals  ovate,  less  than  i  cm.  long,  not  conspicu- 
ously   caudate;     leaflets    glandular-double- 
toothed,  glabrous  or  slightly  giandular-granu- 
liferous  beneath. 
Hypanthium  elongate,  with  a  distinct  neck. 
Hypanthium  glabrous. 

Leaves    finely    puberulent    beneath;    fruit 

elliptic;  plant  unarmed  or  nearly  so. 
Leaves  glabrous;  fruit  urn-shaped;  prickles 
rather  stout,  flattened  below. 
Hypanthium    pilose    when    young,    ellipsoid; 
leaves    pilose,    densely    so    and    glandular- 
granuliferous  beneath. 
Hypanthium  densely  bristly  or  prickly. 

Leaflets  thin,  usually  more  than  1.5  cm.  long,  not 
glaucous;  sepals  more  than  i  cm.  long. 
Leaflets  densely  glandular-granulif erous  beneath ; 

teeth  usually  lanceolate  in  outline. 
Leaflets  sparingly   glandular-granuliferous   be- 
neath; teeth  ovate  in  outline. 
Leaflets  firm,   glaucous,   less  than   1.5   cm.   long; 
sepals  less  than  i  cm.  long. 

in.      MiNUTIFOLIAE 

One  species. 

IV.     Gymnocarpeae 
Leaves  glabrous  beneath;  prickles  very  slender. 

Flowers  usually  solitary,  not  leafy-bracted;  stipules  nar- 
row; leaflets  with  lanceolate  teeth;  fruit  6  mm.  in 
diameter  or  less. 
Leaflets    5-7,   usually  more   than  1.5  cm.  long,    the 

terminal  one  rounded  at  the  base. 
Leaflets  7-9,  usually  less  than  1.5  cm.  long,  the  terminal 
one  usually  acute  or  cuneate  at  the  base. 
Flowers  mostly  2-4  together,  leafy-bracted;  upper  stipules 
broadly  dilated;  leaflets  with  broadly  ovate  teeth;  fruit 
6-8  mm.  broad. 
Leaves  pubescent  beneath;  prickles  usually  stouter. 


20.  R,  salictorum. 

21.  R,  uUranumtana, 

22.  R.  gratissima, 

23.  R,  Bolanderi. 

24.  R.  Pringlet, 

25.  R.  Copelandii. 

26.  R.  pilifera. 

27.  R.  granulata, 

28.  R,  spithamaea, 

29.  R.  sonomensis, 

30.  R.  minuiijhra. 


31. 


32. 


33. 
34. 


R.  gymnocarpa, 
R.  prionoia. 


R.  dasypoda, 
R.  Bridgesii, 


I.  CANINAE.    The  members  of  this  group  are  natives  of  the 
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Old  World  and  are  represented  in  this  country  by  a  few  intro- 
duced species. 

I.  Rosa  rubiginosa  L.  Mant.  a:  564.     1771 

The  sweet  brier  is  often  cultivated  and  has  escaped  in  many 
places  in  this  country.  In  some  parts  of  the  eastern  United  States 
it  is  thoroughly  naturalized.  On  the  western  coast  it  has  estab- 
lished itself  in  several  places  in  Oregon  and  Washington,  but  the 
writer  has  seen  herbarium  specimens  only  from  one  place  in 
California.  On  account  of  its  stout  prickles  it  has  been  confused 
with  R,  nutkatuif  to  which  it  has  no  close  relationship. 

Cauforkia:  Yreka,  1910,  Geo.  D.  Butler  1427,  1802. 

II.  CINNAMOMIAE.  This  group  is  represented  in  Cali- 
fornia and  Nevada  only  by  species  of  the  true  Cinnamomiae, 
t.  e.,  species  with  infrastipular  spines  usually  present. 

2.  Rosa  nutkana  Presl,  Epim.  Bot.  203.     1849 

Although  an  easily  distinguished  species,  except  from  the  next 
two  species,  it  has  been  mistaken  for  R.  fraxinifolia  Borkh.  (i.  e., 
R,  blanda  Ait.)  and  R.  Woodsii  Lindl.  It  has  also  been  named 
R.  caryocarpa  Dougl.  and  R.  Lyalliana  Cr^^pin,  but  these  names 
have  not  been  published  except  in  synonymy.  R.  aleutensis 
Crcpin  is  probably  an  unarmed  form  of  this  species.  R.  nutkana 
is  distributed  from  Alaska  to  northern  Wyoming  and  Oregon. 
It  has  also  been  reported  from  northern  California,  but  the  writer 
has  no  definite  locality  cited.  Perhaps  the  record  is  based  on 
specimens  belonging  to  either  of  the  next  two  sfwcies. 

3.  Rosa  muriculata  Greene,  Leaflets  2:  263.     1912 

This  species  is  closely  related  to  R,  nutkana  and  perhaps  not 
spedfically  distinct.  It  differs  in  the  thicker  and  smaller  leaves 
densely  glandular-muricate  beneath  and  in  the  often  coryml>ose 
inflorescence.  It  ranges  from  British  Columbia  to  northern 
California. 

California:  Mad  River,  Huml)oldt  County,  1878.  Violet 
Rattan;  Areata,  Humboldt  County,  1899,  Dudley. 
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4.  Rosa  Brownii  Rydberg,  sp.  nov. 

Stem  slender,  terete,  glabrous,  green  or  brownish,  armed  with 
slender  straight  prickles  which  are  5-8  mm.  long,  terete  except  the 
expanded  depressed  base;  leaves, five-  to  seven-foliolate;  stipules 
ovate,  acute;  petiole  and  rachis  finely  pilose  and  more  or  less  glandu- 
lar; leaflets  thin,  1-3  cm.  long,  serrate  with  some  of  the'teeth  double, 
broadly  oval,  acute  at  the  apex,  glabrate  above,  paler,  pilose  and 
slightly  glandular-muricate  beneath;  flowers  mostly  solitary; 
pedicels  1-2  cm.  long,  glabrous;  hypanthium  globose,  glabrous,  in 
fruit  about  12  mm.  in  diameter;  sepals  lanceolate,  caudate-acu- 
minate, usually  with  foliaceous  tips,  about  2  cm.  long,  glabrate  on 
the  back,  tomentose  and  slightly  glandular-hispid  around  the 
margins,  and  tomentose  within;  petals  broadly  obovate,  rose- 
colored,  1.5-2  cm.  long;  styles  distinct,  persistent,  not  exserted; 
achenes  inserted  both  on  the  inside  and  in  the  bottom  of  the 
hypanthium. 

This  species  resembles  somewhat  R,  nutkana,  but  the  prickles 
are  weak,  not  at  all  flattened,  and  the  petioles,  rachis  and  lower 
surface  of  the  leaflets  decidedly  pilose.  Much  of  the  Califomian 
material  determined  as  R,  nutkana  belongs  here. 

California:  North  side  of  Mt.  Shasta,  1897,  H.  E,  Brown 34Q 
(type,  in  the  herbarium  of  the  New  York  Botanical  Garden) ;  Hum- 
boldt Bay,  1901,  Chandler  I iq8;  Mendecino,  1903,  McMurphy  270. 

5.  Rosa  californica  Cham.  &  Schlecht.  Linnaea  2:  35.     1827 

The  original  i?.  californica  is  characterized  by  its  stout,  flat, 
usually  curved  prickles,  corymbose  flowers,  and  its  leaflets  which 
are  villous  on  both  sides,  usually  simple-toothed  and  rarely 
slightly,  if  at  all,  glandular.  The  hypanthium  is  usually  ovoid  with 
a  distinct  neck.  It  is  not  uncommon  throughout  California,  and 
two  specimens  have  been  seen  from  Lower  California. 

Lower  California:  San  Ysidro  Ranch,  Mearns 3865  (peculiar 
form) ;  between  Tio  Juana  River  and  Laguna,  Mearns  3504. 

6.  Rosa  Aldersonii  Greene,  Pittonia  5:  no.     1903 

This  species  differs  from  R,  californica  in  the  doubly  serrate 
leaflets  which  are  conspicuously  glandular-granuliferous  and  only 
slightly,  if  at  all,  pubescent  beneath.  The  first  one  to  recognize 
it  as  different  from  the  typical  R,  californica  was  C.  A.  Meyer,  who 
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called  it  R.  califomica  PeUrsiana.*  Crtpin  changed  the  varietal 
name  to  glandulosa.^  He  also  gave  R.  Aschersoniana  Cr6pin  as  a 
synonym.  Rosa  Aldersonii  was  described  from  a  specimen,  not 
quite  of  the  usual  form,  having  small,  more  rounded  leaflets,  short 
prickles  and  congested  inflorescence.  Rosa  Breweri  Greene^  is, 
in  my  opinion,  only  a  stunted  and  somewhat  abnormal  form  of 
this  spedes,  with  densely  glandular  pedicels  and  more  hairy 
leaves.  /?.  Aldersonii  is,  besides,  very  variable,  usually  with  a 
subglobose  hypanthium,  with  a  distinct  neck,  but  sometimes  with 
a  somewhat  ellipsoid  hypanthium.  It  also  varies  in  having  larger 
or  smaller  leaflets  and  with  numerous  or  few  flowers.  Sometimes 
the  styles  are  more  or  less  exserted.  It  is  fully  as  common  as  the 
preceding  throughout  California. 

7.  Rosa  Greenei  Rydberg,  sp.  nov. 

Stem  rather  slender,  i  m.  or  so  high,  purplish,  glabrous,  armed 
with  curved  infrastipular  prickles,  which  are  more  or  less  flattened, 
3--6  mm.  long;  leaves  five-  to  seven-foliolate;  stipules  narrow,  1-1.5 
cm.  long,  densely  glandular-puberulent;  petiole  and  rachis  glandu- 
lar-puberulent  and  somewhat  prickly;  leaflets  elliptic,  acute  at  both 
ends,  2-4  cm.  long,  glandular-double-toothed,  puberulent  above, 
glandular-puberulent  and  slightly  pilose  beneath;  inflorescence 
cor>'mbiform  or  paniculate;  pedicels  1-2  cm.  long,  glandular- 
puberulent;  hypanthium  elongate-ellipsoid,  with  a  distinct  neck, 
in  fruit  2  cm.  long  and  i  cm.  in  diameter:  sepals  lanceolate,  caudate- 
acuminate,  atx)ut  2  cm.  long,  glandular-hispid  on  the  l)ack,  to- 
mentose  within,  in  fruit  persistent  and  erect;  petals  about  15  mm. 
long,  rose-colored;  styles  distinct,  persistent,  not  exserted. 

This  is  related  to  R,  Aldersonii,  but  differs  in  the  narrower 
leaflets  and  the  decidedly  ellipsoid  h>'panthium,  with  a  long  neck. 

California:  Santa  Cruz  Island,  July  and  August,  1886,  £.  L. 
Greene  (t>'pe,  in  the  United  States  National  Herbarium);  appar- 
ently also  San  Mateo,  Heller  8582, 

8.  Rosa  brachycarpa  Rydberg,  sp.  nov. 

Stem  apparently  tall,  stout,  purple,  armed  with  curved  flat- 
tened infrastipular  prickles,  which  are  al)out  5  mm.  long;  leaves 
mostly  seven-foliolate;  stipules  not  strongly  dilattnl,  1-1.5  cm.  long. 

*Zi&u.  19.    164S. 

t  Bttlt  Soc.  Bot.  Bdg.  15:  5^      i«T6. 
I  Lcaflett  j:  a6a.     1912. 
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glandular-ciliate  on  the  margins  and  glandular-pubemlent  on  the 
back;  petioles  and  rachis  gland ular-puberulent  and  slightly 
prickly;  leaflets  elliptic  or  narrowly  oval,  mostly  acute  at  both 
ends,  rather  evenly  serrate,  with  broad,  occasionally  double,  and 
gland-tipped  teeth,  conspicuously  glandular-puberulent  and 
slightly  pilose  beneath,  2-4  cm.  long;  inflorescence  rather  many- 
flowered,  corymbiform;  pedicels  about  I  cm.  long,  glabrous  or 
nearly  so;  hypanthium  depressed-globose,  without  a  neck;  sepals 
ovate,  caudate-acuminate,  about  1.5  cm.  long,  glabrous  on  the 
back,  villous  on  the  margins  and  tomentose  within;  in  fruit  erect 
and  persistent;  petals  about  15  mm.  long;  styles  distinct,  persistent, 
decidedly  exserted. 

This  species  is  also  related  to  R,  Alder sonii^  but  differs  from 
all  the  other  relatives  of  R,  caUfornica  in  the  hypanthium  lacking 
the  neck,  and  in  the  decidedly  exserted  styles. 

California:  Temescal  Canon,  near  Elsinore,  May  23,  1892, 
McClatchie  (type,  in  the  herbarium  of  the  New  York  Botanical 
Garden). 

9.  Rosa  pinetorum  Heller,  Muhlenbergia  i :  53.     1904 

This  species  has  been  collected  only  in  the  neighborhood  of  the 
type  station,  that  is  around  Monterey  Bay.  The  following  speci- 
mens have  been  seen. 

California:  Pacific  Grove,  Heller  6817;  1907,  PaUerson  6f 
Wiltz;  1908,  L.  £.  Cox;  Point  Piftos,  HeUer  8413;  Monterey,  Parry. 

10.  Rosa  calavera  Greene,  Leaflets  2:  257.     1912 

This  was  included  in  the  R,  gymnocarpa  group  by  Dr.  Greene, 
perhaps  on  account  of  the  shape  of  the  leaflets  and  the  small 
flowers,  but  the  sepals  and  style  are  persistent  and  it  is  more  nearly 
related  to  R.  pinetorum,  difi^ering  in  the  small  flowers  and  the  leaflets 
which  are  pale  beneath.  While  R,  pinetorum  is  confined  to  the 
coast,  this  species  belongs  to  the  Sierra  Nevada. 

California:  Calveras  Big  Tree  Grove,  £.  L,  Greene;  Tulare 
County,  Dudley,  at  the  following  localities:  Second  Dry  Meadow 
Creek,  Kern  River,  1895;  Board  Camp,  1902;  Keweath  River 
Valley,  1896,  1383,  1367,  1313a;  Redwood  Meadow,  Alta  Peak, 
1896,  1642;  Coffee  Pot  Camp,  1897,  176s;  Hollow  Log  Camp, 
1900;  east  of  Sequoia  Grove. 


Digitized  by  VjOOQIC 


Rydbbrg:  Notes  on  Rosaceae  73 

II.  Rosa  santae-cruds  Rydbei^,  sp.  nov. 

Stem  1-2  m.  high,  dark  reddish-brown,  glabrous,  armed  with 
straight  stout  infrastipular  prickles  about  i  cm.  long  and  more  or 
less  flattened;  leaves  mostly  five-foliolate;  stipules  1.5-2  cm.  long, 
pubescent  as  well  as  densely  glandular-muricate,  more  or  less 
lobed;  free  portion  ovate,  obtuse;  petiole  and  rachis  villous  and 
glandular-puberulent;  leaflets  rounded-oval,  1-3  cm.  long,  rounded 
at  each  end,  rather  simply  serrate,  with  broad  ovate  teeth,  pilose 
and  glandular-puberulent  above,  villous  and  conspicuously 
glandular-muriculate  beneath;  inflorescence  corymbose,  many- 
flowered,  leafy-br^cted ;  pedicels  short;  hypanthium  globose, 
pilose  when  young,  in  fruit  12-15  mm.  in  diameter;  sepals  lanceo- 
late, caudate-attenuate,  15-20  mm.  long,  villous  and  glandular- 
hispid,  erect  and  persistent  in  fruit;  styles  included,  distinct, 
persistent;  achenes  inserted  both  in  the  bottom  and  on  the  inside 
of  the  hypanthium. 

This  species  suggests  closely  R,  Alder sonii  and  its  relatives, 
but  the  prickles  are  straight. 

California:  island  of  Santa  Cruz,  1886,  E,  L.  Greene  (in  the 
Greene  herbarium). 

12.  Rosa  Dudley!  Rydberg,  sp.  nov. 

A  low  shrub  3-5  dm.  high;  branches  reddish  or  greenish,  armed 
with  infrastipular  straight  prickles  5-10  mm.  long,  somewhat 
flattened  below,  and  with  smaller  scattered  prickles  on  the  new 
shoots;  leaves  usually  five- to  seven-foliolate;  stipules  narrow,  glan- 
dular-puberulent and  conspicuously  glandular-dentate;  free  portion 
lanceolate;  leaflets  rounded-oval,  or  the  terminal  one  rounded- 
obovate,  1-2  cm.  long,  conspicuously  double-serrate  with  gland- 
tipped  teeth,  pubescent  on  both  sides  and  glandular-puberulent 
and  somewhat  paler  beneath;  flower  corymbose;  hypanthium 
glabrous,  subglobose,  in  fruit  about  I  cm.  broad;  sepals  densely 
puberulent  on  both  sides,  grayish  within,  glandular-ciliolate,  in 
age  12-15  nim.  long,  caudate-acuminate;  petals  about  I  cm.  long. 

In  general  appearance  it  resembles  somewhat  R.  sonomensis 
and  R.  Bridgesii,  but  diflfers  from  the  former  in  the  glabrous,  not 
bristly,  hypanthium  and  from  the  latter  in  the  jxTsi^tent  styles 
and  sepals,  the  stouter  spines,  and  larger  subglolwse  fruit.  It  is 
most  closely  related  to  R,  calavera,  but  differs  in  the  thicker,  more 
hairy  leaves  and  stouter  prickles. 

California:    near    Booles    Home,    Converbe    Basin,    Fresno 
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County,   October  i6,   1900,  Dudley  3388  (in  the   Dudley   her- 
barium, Leland  Stanford  University). 

13.  Rosa   rivalis   Eastw.    Bull.   Torrey   Club   32:    198.     1905 

This  species  is  related  to  J?.  Woodsii  and  J?,  pisocarpa,  but  its 
leaflets  are  much  larger,  broader  and  thinner,  broadly  oval, 
sometimes  almost  orbicular  and  perfectly  glabrous  beneath. 
They  resemble  somewhat  those  of  R,  myriantha^  which,  however, 
has  pubescent  leaves.  I  have  not  seen  the  type  of  this  species 
but  showed  Kellogg  &  Harford's  No.  226  to  Miss  Eastwood,  and 
she  said  that  she  regarded  the  same  as  typical  R,  rivalis.  In  the 
Missouri  Botanical  Garden  herbarium,  the  locality  of  this  number 
is  given  as  San  Francisco.  This  is  probably  wrong.  In  the  her- 
barium of  the  New  York  Botanical  Garden,  Kellogg's  field  label 
is  present,  which  reads:  "Rosa.  Long  Valley,  June  11,  1869,  red, 
7  or  8  feet  high — along  shady  rivulet — Kellogg."  According  to 
Miss  Eastwood,  Long  Valley  is  not  very  far  from  the  type  locality 
of  J?,  rivalis,  A  form  with  leaves  somewhat  pubescent  beneath 
and  somewhat  glandular  petioles  was  collected  by  Mrs.  Austin  (No. 
400)  at  Mill  Creek,  California.     The  following  belong  to  R,  rivalis: 

California:  Long  Valley,  Kellogg  &  Harford  226;  Placer 
County,  1893,  Mrs,  Hardy  (on  this  sheet  Cr6pin  has  written: 
"N'est  pas  le  R,  spithamaea  Wats.,  ou  le  calif ornica,  etc.**). 

Oregon:  Cold  Spring,  Crook  County,  1898,  Coville  Ssf  ApplegaU 

T3^' 

14.  Rosa  chrysocarpa  Rydberg,  sp.  nov. 

Stem  tall,  1-3  m.  high,  terete,  at  first  light  yellowish  green, 
later  grayish  brown,  armed  with  straight  prickles,  somewhat  re-^ 
trorse,  terete,  3-7  mm.  long,  usually  more  or  less  flattened  at  the' 
very  base,  some  of  them  infrastipular,  others  scattered,  of  various 
lengths;  young  shoots  copiously  armed  with  bristle-like  prickles; 
floral  branches  1-2  dm.  long,  armed  with  mostly  infrastipular 
prickles;  stipules  adnate,  glabrous,  1-2  cm.  long,  the  lower  narrow, 
the  upper  dilated,  glandular-dentate  or  ciliate  on  the  margins; 
petiole  and  rachis  glabrous,  sometimes  with  a  few  prickles;  leaflets 
five  to  seven,  elliptic  or  oval,  thin,  glabrous  on  both  sides,  yellowish 
green,  coarsely  serrate  throughout,  petioluled,  1-4  cm.  long;  flowers 
corymbose,  leafy-bracted ;  pedicels  1-2  cm.  long,  glabrous;  hypan- 
thium  globose,  glabrous,  at  first  light-green,  in  fruit  about  I  cm. 


Digitized  by  VjOOQIC 


Rydberg:  Notes  on  Rosacbae  75 

thick  and  orange;  sepals  lanceolate,  caudate-attenuate,  about  1.5 
cm.  long,  glabrous  or  nearly  so  on  the  back,  tomentose  on  the 
margins  and  within,  in  fruit  erect  and  persistent;  styles  distinct, 
persistent,  not  exserted;  achenes  inserted  both  in  the  bottom  and 
on  the  inside  of  the  hypanthium. 

This  species  is  related  to  R.  Woodsii,  but  differs  in  the  yellowish 
green  leaflets,  sharply  serrate  with  teeth  directed  forward,  the 
orange  fruit  and  usually  many-flowered  corymbs.  The  following 
belong  here: 

Utah:  Allen  Cafion,  191 1,  Rydberg  &  Garrett  QJ02  (type,  in 
the  herbarium  of  the  New  York  Botanical  Garden) ;  Logan,  Miss 
Mulford  189. 

Idaho:  Castford,  1912,  Nelson  Sf  Macbride  1749;  Rock  Creek, 
iqii.  Macbride  1375;  King  Hill,  1912,  Nelson  6f  Macbride  nog, 

Nevada:  Franktown,   Kennedy  1935;    Kings  Cafion,   Baker 

J22I. 

California:  Dutch  Flat,  Placer  County,  1909,  Dudley, 

15.  Rosa  mohavensis  Parish,  Bull.  So.  Calif.  Acad,  i:  87.     1902 

This  was  originally  described  as  R,  californica  glcbrata  Parish. 
Parish  overlooked  the  fact  that  there  was  an  older  R.  californica 
gkUfrata  Crtpin.  The  present  species  is  not  related  to  R,  californica 
but  to  R.  Woodsii,  from  which  it  differs  in  the  shining,  elliptic 
instead  of  obovate,  leaflets. 

California:  Cushenberry  Spring,  Parish  4941;  Aqueduct, 
Amador  Count>',  Hansen  1813,  in  part;  Southern  California, 
Elmer  3732;  Abrams  2821. 

16.  Rosa  mvriantiia  Carr.  Rev.  Hort.  1865:  448.     1865 

This  species,  not  uncommon  in  California,  has  generally  been 
ON-erlooked.  Crdpin,  apparently  not  knowing  it  ver>'  well,  admitted 
it  as  a  \'ariety  glabra  of  R,  californica^  notwithstanding  the  fact 
that  it  has  straight  prickles.  Regel  descrilxxl  it  under  the  name  R, 
californica.  From  his  treatment  it  is  not  evident  that  he  even 
knew  of  the  existence  of  R.  californica  Cham.  &  Schlecht..  but  it  is 
evident  that  he  was  not  familiar  with  it.  The  following  specimens 
belong  to  R.  myriantha: 

California:     Eel    River,    Heller   O014:    Rt-d    Rwf    Canon, 
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Abratns  fif  MacGregor  135;  Goose  Lake,  Mrs.  Austin  455;  "Cali- 
fornia," Kuntze  3205;  Berry  Canon,  Heller  Sst  Brown  5546; 
Butte  County,  Mrs,  Austin  1800;  Colby  752;  Sonoma  County, 
Heller  5678;  Little  Chico,  Mrs,  Austin  1807;  Round  Valley, 
Chestnut  212;  San  Diego  County,  Abrams  3763;  Laguna,  Mearns 
36050;  Schoenfeldt  3598;  Dulzura  &  El  Mido,  Mearns  3879;  Witch 
Creek,  San  Diego  County,  Abrams  491 4 > 

Oregon:  Barlow  Gate,  Lloyd;  Lower  Albina,  Portland,  Shd- 
don  10659;  Wimmer,  Hammond  119^  in  part. 

17.  Rosa  Davyi  Rydberg,  sp.  nov. 

Stem  stout,  5-10  m.  long,  glabrous,  armed  with  numerous  stout 
prickles  flattened  below;  leaves  five-  to  seven-foliolate;  stipules 
broad,  1-1.5  cm.  long,  glandular-dentate  on  the  margin,  densely  vil- 
lous, free  portion  lanceolate  to  ovate;  rachis  and  petiole  villous  and 
sometimes  glandular-hispid,  usually  with  a  few  prickles;  leaflets 
broadly  oval,  1-2.5  cm.  long,  rather  firm,  rounded  at  both  ends, 
coarsely  and  simply  serrate,  short-pilose  above,  villous  beneath; 
flowers  two  or  three  together  or  solitary;  pedicels  1-2  cm.  long; 
hypanthium  globose,  glabrous,  in  fruit  15  mm.  in  diameter,  purple; 
sepals  lanceolate,  caudate-acuminate,  15  mm.  long  or  more, 
villous  on  the  back,  tomentose  within,  erect  and  persistent  in 
fruit;  petals  about  2  cm.  long,  obcordate;  styles  persistent,  dis- 
tinct, not  exserted. 

Rosa  Davyi  resembles  R,  californica  in  the  leaf-form,  but  the 
prickles  are  long,  straight  and  very  numerous.  It  is  a  rare  species, 
Greene  collected  a  specimen  without  flower  or  fruit,  which  was 
nearly  7  m.  high,  at  San  Joaquin.  The  prickles  are  straight,  flat, 
and  nearly  i  cm.  long.     It  evidently  belongs  here. 

California:  Saratoga,  Davy  263  (type,  in  the  herbarium  of 
Columbia  University) ;  Mendocino,  McMurphy  270, 

18.  Rosa  rotundata  Rydberg,  sp.  nov. 

A  stout  shrub,  more  than  5  dm.  high;  new  canes  copiously 
armed  with  slender,  straight,  almost  terete  prickles,  5-10  mm.  long; 
branches  red  or  purplish,  with  smaller  infrastipular  and  scattered 
prickles;  leaves  mostly  five-  to  seven-foliolate;  stipules  large, 
lance-ovate,  puberulent  on  both  sides,  conspicuously  glandular- 
denticulate,  1-1.5  cm.  long;  leaflets  rounded,  oval  or  suborbicular, 
1-1.5  cm,  long  and  nearly  as  broad,  finely  puberulent  on  both 
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sides,  coarsely  crenate-serrate  with  broad  teeth ;  flowers  corymbose; 
hypanthium  round*ellipsoid  or  globose,  with  a  short  neck;  sepals 
ovate,  caudate-acuminate,  about  8  mm.  long,  villous  within  and 
on  the  margins;  petals  8-10  mm.  long. 

This  species  is  related  to  R.  pisocarpa  and  R.  tdtramontana^ 
but  differs  in  the  shorter  and  broader  thicker  leaflets,  the  more 
prominent  armature,  and  the  small  flowers. 

Nevada:  mountains  west  of  Franktown,  1912,  HeUer  10520 
(type,  in  the  herbarium  of  the  New  York  Botanical  Garden). 

19.  Rosa  pisocarpa  A.  Gray,  Proc.  Am.  Acad.  8:  382.     1872 

Professor  Cr6pin  badly  misunderstood  this  species.  Nearly 
anything  with  a  small  hypanthium  he  referred  to  it.  Specimens 
of  R.  Woodsii,  R,  FemUeri,  R.  ultramontanat  together  with  two 
undescribed  species,  and  even  R,  Engdtnanni  we  And  determined 
as  R.  pisocarpa  by  him.  It  belongs  purely  to  the  Columbia 
Valley  region  and  is  not  found  in  the  Rocky  Mountain  states.  It 
is  characterized  by  the  elliptic  or  oval  leaflets,  finely  pubenilent 
beneath,  the  comparatively  short  and  glandular  sepals,  the 
numerous  flowers  and  short  ascending  straight  prickles. 

The  only  specimen  from  California  seen  by  the  writer  is  one 
collected  by  Mrs.  Austin  without  definite  locality. 

20.  Rosa  salictorum  Rydberg,  sp.  nov. 

Stem  slender,  3-5  m.  high  or  in  open  places  lower,  unarmed  or 
nearly  so,  except  the  new  shoots,  which  are  bristly  at  the  base ;  inf  ra- 
stipular  spines  seldom  present;  leaves  five- to  seven-foliolate;  stipules 
adnate  to  the  petioles,  1.5-2  cm.  long,  the  upper  dilated,  more  or 
less  toothed,  finely  puberulent;  petioles  and  rachis  unarmed,  puber- 
ulent;  leaflets  broadly  oval,  coarsely  and  evenly  serrate,  thin, 
equally  green  on  both  sides,  glabrous  above,  finely  puberulent 
beneath,  rounded  or  acute  at  both  ends,  2-4  cm.  long;  flowers 
corymbose,  conspicuously  leaf-bracted ;  pedicels  glabrous;  hypan- 
thium glabrous,  globose,  contracted  al)ove,  in  fruit  about  i  cm. 
broad;  sepals  lanceolate,  caudate-acuminate,  alH>ut  15  mm.  long, 
glabrous  on  the  back,  tomentoso  within  and  on  the  margins,  erect 
and  persistent  in  fruit;  petals  pink,  al)OUt  15  mm.  lung;  styles 
distinct,  persistent,  not  exserted. 
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This  species  is  related  to  R,  pisocarpa  and  R.  uUramontana,  but 
differs  from  both  in  the  large,  thin,  broadly  oval  leaflets  and  the 
few  slender  prickles.  It  is  almost  unarmed  except  on  the  new 
shoots.  From  R.  pisocarpa  it  also  differs  in  the  non-glandular 
sepals. 

Nevada:  Gold  Creek,  July  25,  1912,  Nelson  &  Macbride  2113 
(type,  in  the  herbarium  of  the  New  York  Botanical  Garden),  also 
2113;  McDonalds  Creek,  2156;  Owyhee  River,  2I0;  Big  Creek, 
Lander  County,  Kennedy  4106,  4544;  Martin  Creek,  191 3,  4491; 
Star  Canyon,  southeast  of  Death,  Heller  10570. 

21.  Rosa  ultramontana  (S.  Wats.)  Heller,  Muhlenbergia  i:  107. 

1904 

This  was  first  described  as  R,  calif ornica  ultramontana  S.  Wats.,* 
but  is  not  at  all  related  to  that  species.  It  is  closely  related  to 
R.  pisocarpa  and  distinguished  from  that  mainly  by  the  sepals 
which  are  not  at  all  glandular.  It  belongs  to  the  Great  Basin,  is 
rather  common  in  Nevada  as  well  as  Idaho  and  eastern  Oregon, 
but  not  so  common  in  California.  The  following  specimens  have 
been  seen. 

California:  Little  Grizzly  Creek  below  Genessee,  Plumas 
County,  1907,  Heller  &  Kennedy;  Hombrook,  1909,  Rusby;  Lake 
Tahoe,  1909,  Dudley;  Hot  Springs,  Sierra  Valley,  1909,  Dudley; 
El  Dorado  County,  1900,  Dudley, 

22.  Rosa  gratissima  Greene,  Fl.  Franc.  73.     1891 

To  this  belong  the  following  specimens: 

California:  Griffins,  Eimer  3732;  South  Fork  of  Kings  River, 
1899,  Eastwood;  Bear  Valley,  Abrams  2821;  Water  Cailon, 
Abrams  6f  MacGregor  482;  Sky  Valley,  Culbertson  4873;  Long  Pine, 
1897,  M.  E.  Jones;  Bear  Valley,  Hall  1324  (?);  Colby,  Mrs. 
Austin  (?) ;  South  Fork  of  Santa  Anna,  Grinnell  232;  San  Bernardino 
Mountains,  Parish  3274;  North  Fork  of  Kern  River,  K.  Baiky 
1720;  Big  Arroya,  Soda  Springs  Trail,  Tulare  County,  Dudley 
2307;  Glenbrook,  near  Lake  Tahoe,  1906,  Dudley;  Lo«|cwood 
Creek,  Mount  Pinos  Region,  Dudley  &f  Lamb  4634, 

*  Bot.  Calif,  i:  187.     1876. 
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23.  Rosa  Bolanderi  Greene,  Leaflets  a:  261.     1912 

This  species  is  related  to  the  R.  Covillei  of  Oregon,  but  the 
leaflets  are  thinner,  glandular,  double-toothed  and  decidedly 
glandular-pruinose  beneath.  Crepin  determined  the  type  as  R. 
lymnocarpa  with  the  remark  that  the  sepals  were  persistent.  Dr. 
Greene  also  classified  it  in  the  Gymnocarpae,  but  it  evidently  does 
not  belong  there. 

California:  Oakland,  Bolander, 

24.  Rosa  Pringlei  Rydberg,  sp.  nov. 

Stem  dark  gray,  l  m.  high  or  more,  terete,  slender,  sparingly 
armed  with  small  straight  infrastipular  prickles,  3-5  mm.  long,  or 
wholly  unarmed;  branches  1-3  dm.  long,  usually  unarmed;  stipules 
adnate,  rather  narrow,  i  cm.  long  or  less,  densely  and  finely  puber- 
ulent  on  the  back;  the  free  portions  lanceolate,  ascending,  spread- 
ing, slightly  glandular-cilia te;  petiole  and  rachis  densely  puberu- 
lent,  not  at  all  glandular;  leaflets  five  or  seven,  elliptic,  2-3  cm.  long, 
acutish  at  both  ends,  rather  firm,  finely  puberulent  on  both  sides, 
densely  so,  almost  velvety,  and  paler  beneath;  flowers  corymbose, 
two  to  five  together;  pedicels  1-2  cm.  long,  glabrous;  hypanthium 
ellipsoid,  acute  at  the  base,  above  produced  into  a  distinct  neck, 
glabrous,  in  fruit  9-10  mm.  thick,  12-14  mm.  long,  dark-purple; 
sepals  lanceolate,  caudate-attenuate,  12-15  mm.  long,  finely 
puberulent,  in  fruit  erect  and  persistent;  achenes  inserted  both  in 
the  bottom  and  on  the  insides  of  the  hypanthium. 

This  is  related  to  R,  pisocarpa,  R.  ultramontana  and  R.  Macounii, 
The  leaves  are  dark  green  above,  finely  toothed  with  rather  blunt 
teeth  and  the  hypanthium  is  decidedly  ellipsoid,  with  a  neck. 
The  plant  is  almost  unarmed.  The  t>'pe  in  the  Columbia  Uni- 
versity' herbarium  has  no  prickles,  but  the  same  number  in  the 
United  States  National  Herbarium  has  a  single  straight  prickle 
about  5  mm.  long.  This  was  determined  as  R.  pisocarpa  by 
Cr^in.  Suksdorf*s  specimen  is  unarmed  and  Sheldon's  has  only 
a  few  prickles. 

California:  Siskiyou  County,  18S2,  Prin^le  (type,  in  the  her- 
barium, Columbia  University);  1910,  G,  D.  Butler  1352;  Vicinity 
of  Rawhide,  1905,  Roxana  Stinchfield  25,  in  part;  near  Stirling. 
1913,  HeUer  10801, 

Washington:  Klickitat  County,  1885,  Suksdorf, 

Oregon:  Wallowa  River,  1897,  Sheldon  8oS7{?). 
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25.  Rosa  Copelandii  Greene,  sp.  nov. 

Stem  dark  purple,  terete,  shining,  sparingly  armed  with  straight 
infrastipular  prickles,  which  are  about  5  mm.  long,  rather  stout 
and  somewhat  flattened  below;  floral  branches  1-2  dm.  long, 
purple,  more  or  less  armed;  stipules  1-2  cm.  long,  adnate,  gla- 
brous, more  or  less  dilated,  thin,  often  tinged  with  purple;  free 
portion  semi-lunate,  acuminate;  petiole  and  rachis  glabrous,  often 
slightly  prickly,  purplish;  leaflets  five  or  seven,  oval  or  dliptic, 
thin,  perfectly  glabrous  on  both  sides,  finely  serrate,  1-3  cm.  long; 
flowers  corymbose;  pedicels  glabrous,  short,  1-1.5  cm.  long;  hypan- 
thium  glabrous,  urn-shaped,  rounded  at  the  base,  prolonged  above 
into  a  distinct  neck,  in  fruit  9-10  mm.  thick,  10-12  mm.  long; 
sepals  lanceolate,  about  15  mm.  long,  caudate-attenuate,  glabrous 
on  the  back,  tomentose  on  the  margins,  in  fruit  erect  and  persist- 
ent; achenes  inserted  in  and  near  the  bottom  of  the  hypan- 
thium. 

Dr.  Greene  recognized  this  species,  but  for  some  reason  did 
not  publish  it.  It  is  characterized  by  its  ovoid  urn-shaped  hypan- 
thium,  with  a  conspicuous  neck,  and  glabrous  leaves. 

California:  Mt.  Eddy,  Siskiyou  County,  September  8,  1903, 
Copeland  [Baker's  distribution  number]  3875* 

26.  Rosa  pilifera  Rydbei^,  sp.  nov. 

Stem  I  m.  high  or  more,  at  first  yellowish,  in  age  dark  gray, 
terete,  armed  with  straight  infrastipular  and  scattered  pricldes 
3-5  mm.  long,  somewhat  flattened  below;  floral  branches  1-3  dm. 
long,  usually  sparingly  armed;  stipules  adnate,  the  lower  narrow, 
the  upper  dilated,  1-1.5  cm.  long,  pilose  and  glandular  on  the  back, 
glandular-ciliolate  on  the  margins;  free  portion  linear-lanceolate 
to  ovate,  ascending;  petiole  and  rachis  pilose,  glandular  and  some- 
times with  a  few  weak  prickles;  leaflets  five  to  seven,  thin,  oval, 
2-3.5  cm  long,  sparingly  pilose  above,  more  densely  so  and  some- 
what glandular-pruinose  beneath,  usually  more  or  less  double- 
toothed  and  the  teeth  often  gland-tipped;  flowers  corymbose;  ped- 
icels 1-3  cm.  long,  more  or  less  pilose;  hypanthium  ellipsoid,  with 
a  neck,  pilose  at  least  when  young,  in  fruit  8-10  mm.  thick, 
12-15  mm.  long;  sepals  lanceolate,  caudate-attenuate,  1.5  cm. 
long,  more  or  less  pilose,  in  fruit  erect;  petals  about  1.5  cm.  long; 
styles  distinct,  persistent,  not  exsertcd. 

This  species  has  the  leaflets  of  R.  Aldersonii,  i.  e.,  double- toothed 
and  glandular  beneath,  but  they  are  thinner,  the  prickles  are 
slender,  straight,  or  rarely  slightly  curved,  and  the  young  liypan- 
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thium  at  least  is  covered  with  fine  soft  hairs.    The  following 
belong  here: 

California  :  San  Francisco,  Dr.  Bolander  (type,  in  the  herbarium 
of  Columbia  University) ;  Berkeley,  Burt  Davy  854;  Pine  Grove, 
Amado  County,  George  Hanson  7310;  no  locality,  Kdlogg  6f  Harford 
225  in  part;  Sierra  National  Forest,  1912,  Abrams  496Q. 

27.  Rosa  granulata  Greene,  Leaflets  a:  262.     1912 

This  is  closely  related  to  R,  spUhantaea,  but  differs  in  the  more 
glandular  leaves  and  narrow  teeth.  Perhaps  not  specifically 
distinct.  It  it  known  only  from  the  type  collection  at  San  Luis 
Obispo. 

28.  Rosa  spithamaea  S.  Wats.  Bot.  Calif,  a:  444.     1880 

This  is  a  rather  local  species  characterized  by  its  almost  her- 
baceous stems,  slender  prickles  and  bristly  receptacle.  »w#f  • 

California:  Trinity  River,  between  Hyampore  and  Hooper, 
1878-1883,  Rattan;  Trinity  Mountains,  Marshall;  Lake  County, 
1902,  Heller;  **  California,"  Torrey, 

Oregon  :  Wimmer,  Hammond  120. 

29.  Rosa  sonomensis  Greene,  Fl.  Franc.  72.     1897 

This  is  related  to  R.  spithamaea^  but  differs  from  the  other 
Califomian  species  with  prickly  fruit  in  the  firm  glaucous  leaves, 
the  densely  prickly  stem,  and  the  short  sepals. 

California:  Petrified  Forest,  Sonoma  Count>',  1883,  Greene; 
Mount  Tamalpais,  V.  Bailey  5J/;  1885,  Rattan;  Converse  Basin, 
Fresno  County.  1904,  Dudley, 

III.  MINUTIFOLIAE.  This  group  is  represented  by  the 
following  species  and  by  two  sF)ecies  in  Xew  Mexico. 

30.  Rosa  minutifolia  Engelm.  in  Parry,  Bull.  Torrey  Club  9:  97. 

1882 

This  species  is  a  native  of  Lower  California  and  may  be  ex- 
pected in  San  Diego  County,  California. 
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Lower  California:  Todo  Santos  Bay,  Parry,  Pringle,  OrcuU; 
Ensenada,  M.  E.  Jones  36g7^  Anthony  i8g;  San  Quentin  Bay, 
Palmer  619. 

IV.  GYMNOCARPAE.  This  is  a  little  group  of  species  all 
confined  to  the  North  American  Pacific  coast. 

31.  Rosa  gymnocarpa  Nutt.;  Torrey  &  Gray,  Fl.  N,  Am.  i: 

461.     1840 

Until  recently  only  one  species,  Rosa  gymnocarpa  Nutt.,  and 
one  variety,  var.  pubescens  S.  Wats.,  have  been  admitted  to  this 
group.  R.  gymnocarpa  ranges  from  British  Columbia  to  Montana, 
Idaho  and  California.  Dr.  Greene  in  one  paper*  described  not 
less  than  twelve  species  which  he  regarded  as  belonging  to  this 
group  and  seven  more  related  to  it  but  "not  at  all  gymnocarpous." 
It  is  impossible  for  me  to  follow  him  in  his  segregation  of  Rosa 
gymnocarpa,  and  several  of  his  "gymnocarpous"  species  do  not 
belong  to  the  group  at  all. 

The  Greenian  species  really  belonging  to  the  Gymnocarpae  are 
the  following!  2?.  glaucidermis,  R.  crenulata,  R.  prionata,  R.  pisca- 
ioria,  R.  abietorum,  R.  amplifoUa,  R.  leucopsis,  i?.  Helleri,  R.  apicu- 
lata,  and  R.  dasypoda.  Of  these  the  only  clearly  distinct  spe- 
cies is  R,  crenulata,  which,  however,  has  an  older  name,  R. 
Bridgesii  Cr6pin.  Of  the  others  I  have  retained  as  tentative  species 
J?,  prionata,  R.  lencopsis  and  R.  dasypoda,  but  none  of  these  are 
too  good  as  species.  They  are  fairly  good  varieties,  but  the  rest 
are  hardly  worth  naming  even  as  forms.  As  most  of  them  belong 
to  the  Columbia  Valley  region,  I  shall  discuss  them  further  in  a 
subsequent  paper  and  only  mention  those  found  in  California. 

32.  Rosa  prionota  Greene,  Leaflets  2:  256.     1912 

The  species  is  distinguished  from  R.  gymnocarpa  by  the 
small  and  often  more  numerous  (seven  to  nine  instead  of  five 
to  seven)  leaflets  with  narrower  and  sharper  teeth.  The  terminal 
leaflet  is  usually  cuneate  at  the  base  instead  of  rounded.  The 
fruit  is  described  as  globose.  Both  in  this  species  and  in  R. 
gymnocarpa  the  immature  hypanthium  is  ellipsoid.     If  only  one 

♦  Leaflets  2:  254-261.     1912. 
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to  three  achenes  are  developed,  it  remains  so  even  at  maturity, 
but  if  more  achenes  develop  the  fruit  becomes  pear-shaped  or 
globose.  The  form  of  the  fruit  is,  therefore,  no  specific  character. 
R.  apiculata  Greene  and  R.  piscatoria  are  forms  of  this  species. 
The  former  will  be  discussed  in  a  subsequent  paper.  The  latter 
represents  a  strong  more  bristly  form  of  R.  prionota. 

Rosa  prionota  is  more  common  in  California  than  the  typical 
R.  gymnocarpa. 

33.  Rosa  dasypoda  Greene,  Leaflets  2:  260.     1912 

This  is  perhaps  a  good  species.  I  had  segregated  out  the  same 
as  such,  although  I  had  assigned  as  the  type  a  Califomian  specimen 
which  shows  the  characters  better  than  Dr.  Greene's  type.  The 
flowers  are  nearly  always  corymbose,  i.  e.,  two  to  four  together  and 
leafy-bracted,  the  leaflets  thicker  and  not  with  semi-pellucid  veins, 
the  teeth  broader  and  more  rounded,  and  the  fruit  is  larger,  6-8 
mm.  instead  of  4*6  mm.  in  diameter. 

It  ranges  from  British  Columbia  to  northern  California,  where 
It  is  represented  by  the  following  specimens: 

Caufornia:  Siskiyou  County,  Copeland  [Baker's  distribution 
number]  3874, 

34.  Rosa  Bridgesii  Crtpin,  Bull.  Soc.  Bot.  Belg.  15:  54.     1876 

This  is  a  good  species  and  is  the  same  as  R,  gymnocarpa  pubes- 
cens  S.  Wats.*  and  R.  crenulata  Greene.f  Cr6pin  gave  this  species 
a  short  description,  but  later,  after  seeing  Watson's  treatment  of 
the  same,  retracted  and  reduced  it  to  a  variety.  I  was  a  little 
doubtful  whether  the  name  R.  Bridgesii  belonged  to  this  species 
or  to  R,  sonomensis  01  to  some  related  spedes,  but  Miss  Easti^'ood, 
who  has  seen  the  type  of  R*  Bridgesii,  has  told  me  that  it  is  the 
same  as  R.  gymnocarpa  pubescens  S.  Wats.  The  following  speci- 
mens have  been  seen  from  California: 

Caufornia:  Brtiff 5  qs;  Pine  Ridge,  Fresno  County.  Chandler 
271;  Baker  5500;  Silver  Mountain  Pass,  Brewer  1915;  Havelock, 
Kern  County,  GrinnW/  2/7;  Tuolumne  Big  Trees.  1911,  Abrams 
4701;  Shut  Eye  Pass,  1912,  492S;  Yosemite  Park,  1915,  5407, 

•BocCaUf.  i:  187.     1876. 
fLcalleU  s:  355.     I9ta. 
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There  are,  in  the  collections  examined,  a  few  specimens  from 
Nevada  and  the  Klamath  region  of  California  which  can  not  be 
referred  to  any  of  the  species  treated  above.  Some  of  these  may 
be  referred  to  R.  Macounii,  but  the  localities  are  out  of  the  known 
range  of  that  species.  The  rest  may  belong  to  two  or  three  ap- 
parently undescribed  species  from  the  Columbia  Valley  and  the 
Great  Basin,. but  the  limitations  of  these  species  are  still  unsettled. 

New  York  Botanical  Garden 
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On  the  cause  of  alternate  bearing  in  the  apple 

O.  Butler 
(with  platbs  x-3  and  a  tkxt  figitie) 

I 

The  production  of  a  heavy  crop  of  fruit  every  other  year,  or 
alternate  bearing,  is  a  well-marked  phenomenon  in  the  apple  and 
pear,  and  is  not  unknown  in  certain  plums  and  cherries.  Alternate 
bearing  in  the  apple,  however,  has  been  more  particularly  recorded 
by  American  horticultural  writers,  who  have  proposed  a  variety 
of  ways  of  obviating  this  vexatious  propensity. 

Thacher*  remarks  that  trees  that  are  allowed  to  stand  unpruned 
bear  only  every  other  or  third  year,  and  his  remedy  for  irregular 
bearing  is  the  knife. 

Downing!  states  that^the  apple  bears  in  alternate  years,  but 
that  when  the  fruit  is  thinned  a  tree  will  bear  every  year  "as  it 
will  also  if  the  soil  is  kept  in  high  condition.*' 

ColeJ  observed  that  apple  trees  are  inclined  to  bear  in  the 
even  numbered  years  (1846,  '48,  '50)  and  lightly  in  the  odd  years 
(1845,  '47,  '49)  and  expresses  the  view  that  removing  the  blossoms 
will  change  the  bearing  year. 

FitzJ  recognizes  alternation  of  bearing  in  the  apple  and  states 
that  the  most  profitable  way  to  obtain  annual  crops  is  by  proper 
tillage  and  proper  fertilization. 

Thomasf  believes  that  thinning  the  fruit  while  the  applies 
are  small  will  induce  regular  bearing  and  that  picking  off  all  the 
fruit  in  the  fruitful  year  will  change  the  year  of  crop  abundance* 

Maynard^  states  that  in  most  apple  orchards  large  crops  of 

♦  Th»cber,  J.     The  American  Otehaniist,  Kd.  a.  (>g.     Plymouth.   Mans.     18^5. 
t  Downing,  A.  J.     The  fruits  and  fruit  trees  of  America,  61.     Now  York  and 
London.     iMS* 

t  Cok.  S.  W.     The  American  fruit  book.  87.     Bo!»ton.     18 so, 
I  FiU,  James.    The  southern  api»lr  and  praih  culiuriHt,  118.    Rithmond.    1872. 
I  Thomas.  J.  J.     The  American  iruit  uilturi^t.  K<1.  30,  2^^.     New  York.     ihs>7- 
%  llaynaxd,  S.  T.     Succe^^tul  Iruit  culture.  44.     New  York,     igo  >. 
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fruit  are  only  produced  biennially  and  that  in  the  northern  fruit 
sections  the  productive  year  has  become  more  or  less  fixed  on  the 
even  year.  Alternation  of  bearing  may  be  brought  about  by 
overproductiveness  resulting  in  an  exhaustion  of  the  tree  which 
then  requires  one  or  more  years  to  develop  flower  buds  again,  or 
it  may  be  due  to  climatic  agencies. 

According  to  Maynard  the  bearing  year  may  be  changed:  ist, 
by  removing  part  or  all  the  fruit;  2d,  by  msmuring  the  orchard 
during  the  productive  year  with  bonemeal  and  potash,  or  bonemeal 
and  wood  ashes,  or  by  using  nitrate  of  soda  or  stable  manure  in 
the  unproductive  year;  3d,  by  seeding  the  orchard  to  grass  during 
the  bearing  year;  4th,  by  ploughing  the  land  in  the  unfruitful  year 
and  cultivating  during  the  productive  year;  5th,  by  canker  worms 
or  vernal  frosts  destroying  the  blossoms. 

Powell*  observes  that  the  alternate  bearing  habit  once  acquired 
will  in  all  probability  be  kept  up  indefinitely.  Alternate  bearing 
is  brought  about  by  unfavorable  climatical  conditions,  such  as 
hibernal  cold  or  damp  weather  at  blossoming  time. 

Waughf  notes  that  alternate  bearing  is  particularly  marked 
in  the  Baldwin  apple  and  believes  that  more  regular  productiveness 
could  be  obtained  by  thinning  the  fruit. 

What  is  the  cause  of  biennial  bearing  in  the  apple  and  what  is 
the  raison  d'itre  of  the  methods  proposed  to  equalize  fruitfulness? 

II 

The  biennial  bearing  of  apple  trees  was  credited  to  its  proper 
cause  by  Jules  Courtois  in  a  lecture  before  the  Horticultural 
Society  of  Seine-et-Oise.  Hardyt  quotes  at  length  from  the 
report  of  this  lecture,  and  from  this  quotation  I  translate  the 
following  passages  bearing  on  the  question  of  the  alternation  of 
bearing  in  the  apple: 

Again  one  often  sees  in  pear  and  apple  trees  flower  buds  forming  like  bouquets 
de  maii  of  the  stone  fruits  the  second  year  and  expanding  the  third. 

There  is  even  a  kind  of  an  eye||,  the  eyes  of  the  purse  (bourse) »  of  which  this  is 


*  Powell,  E.  P.     The  orchard  and  fruit  garden.  14.     New  York.     1905. 

t  Waugh.  F.  A.    The  American  apple  orchard.    New  York.     191 2. 

t  Hardy,  J.-A.  &  A.-F.  Trait4  de  la  taille  des  arbres  fruitiers,  Ed.  12,  123. 
Paris. 

(  Floral  development  on  a  spur,  lambourde. 

II  In  horticultural  literature  an  "eye"  is  a  bud  that  will  produce  a  leafy  axis* 
and  a  "bud,"  or  "fruit-bud."  is  a  bud  that  will  produce  a  floral  axis. 
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pncikaUy  the  nonnal  mode  of  development.  Developing  at  the  tame  time  as  the 
flowers  at  the  base  of  the  floral  axis  or  purse,  these  eyes  become  ordinarily  during 
the  tmmt  aeason,  buds  crowned  by  three  or  four  leaves,  unless  an  exuberance  of  sap 
forces  them  to  grow  into  leafy  shoots.  During  the  second  year  they  develop  into 
bods  crowned  by  six  to  eight  leaves,  or  floral  buds  and  develop  into  flower  clusters 
the  third.  It  is  due  to  the  fact  that  the  purse  eyes  require  two  years  to  form  flowers 
that  we  have  alternation  of  floriferousness  in  the  orchard-grown  pome  fruits  when 
they  are  in  full  bearing  and  consequently  growing  moderately.  The  first  year  of 
the  development  of  the  purse  eyes  coincides  with  the  bearing  year. 

The  infertile  year  which  follows  is  the  second  year  of  the  existence  of  the 
purse  eyes  which  develop  that  year  into  flower  buds.  These  latter  opening  the 
following  year  give  rise  to  another  floriferous  year  and  so  on  for  succeeding  years. 

A  Study  of  the  method  of  flowering  of  the  apple  will  show  that 
Courtois's  explanation  was  sound  and  that  it  satisfactorily  explains 
biennial  bearing. 

In  our  fruit  trees  we  may  distinguish  two  classes  of  branches: 
t.  Branches  of  the  first  order,  or  structural  branches;  2.  Branches 
of  the  second  order,  or  fruit  branches. 

A  structural  branch  in  its  first  year  of  growth  is  called  a  leader. 

Fruit  branches,  on  the  other  hand,  are  of  several  kinds.  In 
the  case  of  the  apple  we  can  distinguish:  (i)  The  fruit  branch 
(rameau  dfruU);  (2)  The  sprig  {brindilk);  (3)  The  dart  {dard); 
(4)  The  spur*  {lambourde). 

A  Jruit  branch  is  a  leader  in  which  the  terminal  and  axillary 
buds  in  the  upper  two  thirds  or  thereabouts  of  its  length  become 
flower  buds  during  the  season  of  its  development  (Plates  i,  fig. 
2,  and  2),  The  flower  buds  borne  laterally  on  the  leader  have 
been  described  as  formed  axillarly  by  D'Albretf  and  by  Gourley,t 
though  they  are  in  reality  borne  terminally  on  almost  sessile  spurs 
{lambourdcs).  A  close  study  during  the  first  season  of  the  buds 
from  which  the  supposed  axillary  clusters  arise  will  show  that  at 
the  close  of  vegetation  the  buds  are  subtended  by  a  rosette  of 
leaves  and  are  not  in  the  axil  of  a  single  leaf.  The  buds  are,  there- 
fore, terminal  on  sessile  spurs  and  not  axi!!ar>\  as  by  definition 
an  axillary  bud  is  a  bud  borne  in  the  axil  of  a  leaf.  Forney  is  also 
of  this  opinion  for  he  states  that  "it  often  happens  that  the  eyes 

*  The  dard  and  Ittmbomrdt,  which  I  have  distinguished  from  one  another,  are 
called  indiscriminately  spurs  in  the  Anglo-Saxon  horticultural  literature. 

t  D'Albret.     La  taiUe  de»  arbre*  fruiticrs.  Ed.  4.  7-     Paris.     184J. 

X  Gourle>*.  J.  H.  Studies  in  fruit  bud  formation.  New  Hamp^hiie  Agr.  Exp. 
Sta.  Tech.  Bull.  9*  i7*     I9X5* 
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of  this  season's  leader  become  transformed  at  once  into  spurs, 
and  flower  perfectly  the  following  year."*  In  the  apple  the 
development  of  floWer  buds  on  fruit  branches  is  not  commonly 
met  with  (see  Table  I)  and  is  said  to  occur  only  in  very  fertile 
trees,  or  trees  weakened  by  transplantation  or  soil  exhaustion. 

The  sprig  (brindille)  is  a  shoot  about  a  foot  or  so  in  length  which 
develops  from  two-year-old  wood,  from  dormant  eyes  in  older  wood, 
or  even  from  purse  eyes.  The  sprig  produces  not  infrequently  a 
terminal  flower-bud  the  year  of  its  formation,  thus  behaving  in  a 
very  similar  manner  to  a  leader  that  has  become  a  fruit  branch. 
In  the  apple  the  sprig  is  not  an  uncommon  form  of  a  fruit  branch.f 

The  dart  {dard)  is  a  short,  stout  branch  possessing  smooth 
bark  and  growing  out  from  the  supporting  branch  at  about  a  right 
angle,  in  its  most  typical  form,  that  is,  when  derived  from  a  spine. 
In  its  atypical  form  (Plate  3,  fig.  i),  the  only  one  met  with  in 
the  apple,  it  is  simply  a  very  short  spine-like  branch  with  smooth 
bark.  The  dart  may  also  develop  from  a  purse  and  it  is  usually 
considered  that  the  health  and  vigor  of  a  spur  depends  on  its 
having  been  derived  from  a  dart  or  to  the  development  of  a  dart 
or  darts  at  some  subsequent  time  (Plate  i  ,  fig.  i).  In  very  fertile 
varieties  of  the  apple  the  dart  may  produce  a  terminal  flower-bud 
the  year  of  its  formation.}  Usually,  however,  it  only  flowers  the 
third  year.  When  the  dart  forms  a  flower  bud  the  first  season  of 
its  growth  the  floral  bud  will  be  found  nestling  in  a  rosette  of 
leaves,  the  apex  of  the  dart  having  become  immediately  trans- 
formed into  a  spur  (lambourde) .  But  if  the  floral  bud  is  to  form 
at  the  end  of  the  second  season  then  the  apical  bud  will  behave 
in  the  manner  characteristic  of  the  apical  buds  of  a  spur  at  the 
close  of  the  first  year's  vegetation,  that  is  it  will  be  subtended  by 
a  rosette  of  three  or  four  leaves. 

The  spur  (lambourde)  (Plate  3,  fig.  2),  is  a  short,  thick, 
brittle  branch  with  much  wrinkled  bark  and  breaking  readily 
with  a  smooth  fracture.  The  crests  of  the  wrinkles  are  nodal 
points,  the  troughs  internodal  points.  The  axillary  buds  are  very 
inconspicuous  and  usually  remain  dormant  though  they  can  be 

♦Forney,  E.     Taille  des  arbres  fruitiers,  Ed.  2,  i:  258.     Paris.     1907. 
t  Barry,  P.     The  fruit  garden.  11.     New  York.     1851;   Forney, /oc.  cit.  1:  254. 
J  Berne,  A.    Manuel  d'arboriculture  fruitidre,  69.     Grenoble.     1898;  De  Mor- 
tillet,  M.  P.     Les  meilleurs  fruits  3:  376.     Montpellier.     1868. 
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made  to  develop  by  appropriate  means.  The  spur  usually  de* 
velops  frora^a  bud  formed  during  the  previous  year,  that  is  from 
two-year-old  wood,  and  requires  two  seasons'  growth  to  form  a 
flower  bud.  At  the  end  of  the  first  year  the  apical  bud  will  be 
surrounded  by  a  rosette  of  three  to  four  leaves,  and  at  the  end  of 
the  second  by  a  rosette  of  six  to  eight  leaves,  and  will  have  become 
a  floral  bud,  though  spurs  may  develop  on  a  purse  that  are  fertile 
the  year  of  their  formation  behaving  in  this  respect  like  the  spurs 
of  a  fruit  branch.  A  spur  may  live  for  a  number  of  years  becom- 
ing with  age  more  or  less  branched,  depending  on  the  degree  to 
which  the  eyes  of  the  floral  axes,  or  purses  develop  (Plate  i, 
no.  i). 

Besides  the  methods  of  flower-bud  formation  already  described 
one  other  method  deserves  to  be  described.  In  orchards  where 
second  growth  occurs  it  is  not  infrequently  observed  that  the 
terminal  buds  become  flower  buds  immediately.*  It  should,  how- 
ever, be  noted  that  this  mode  of  florification  is  not  exceptional 
in  its  manner  of  development.  Second  growth,  except  in  point 
of  origin,  is  of  the  nature  of  a  sprig  (brindiUe)  and  we  have  seen 
that  on  this  type  of  fruit-branch  apical  flower  buds  form  commonly 
the  first  year  of  its  development.  We  have  seen,  furthermore,  that 
axillary  buds  on  a  leader  could  develop  spurs  which  bore  flowers 
the  following  season,  that  spurs  could  develop  on  a  purse  that  were 
fruitful  the  following  season ;  that  the  apical  bud  of  a  leader  also 
sometimes  developed  into  a  spur  which  flowered  the  following 
season.  Now  it  is  to  be  noted  that  the  flower-buds  formed  in 
the  several  ways  above  mentioned  have  this  one  point  in  common: 
they  grow  on  the  end  of  a  shoot  that  develops  six  to  eight  sessile 
nodes  in  a  single  period  of  vegetation.  In  other  words  an  apical 
bud  subtended  by  six  to  eight  sessile  nodes  will  be  a  flower-bud, 
irrespective  of  the  type  of  branch  upon  which  it  develops.  The 
development  of  the  flower-buds  is  then  clearly  correlatetl  with 
growth.  But  this  growth  must  be  sessile,  in  other  words  extremely 
alow  and  quick  maturing,  conditions  that  can  only  be  supplied  by 
a  scant  but  suflScient  water  supply  coupled  with  conditions  favor- 
able for  photosynthetic  activity. 

•Van  Mons.  L.  B.  Arbret  fruitiera  i:  108.  Louvain,  i8,i5;  Gouilcy.  J.  H., 
h€,€iL 
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Of  the  various  ways  in  which  flower  buds  form  in  the  apple, 

we  may  dismiss  as  of  absolutely  no  importance  from  the  point  of 

view  of  crop  production,  flower  bud  development  on  second  growth, 

and  the  same  may  be  said  of  flower  bud  development  on  spurs 

from  leaders  of  the  same  age.    The  following  table  will  show 

quite  clearly  that  such  floral  buds  produce  as  a  rule  but  a  small 

part  of  the  total  bloom,  and  this  despite  the  fact  that  the  data 

were  taken  by  counting  rsmdom  branches  round  individual  trees 

from  the  apex  of  a  leader  down  the  branch  for  a  convenient 

distance. 

Tablb  I 

Relative  importance  of  spurs  and  fruit  branches  in  crop  production 


Variety 


Number  of 
trees  ex- 
amined 


Blossom  on  spurs, 
per  cent. 


Clusters  on  fruit  branches, 
per  cent. 


Red  Astrachan 2 

Early  Harvest 2 

Bellflower |  i 

Lyscomb i 

Rhode  Island  Greening  .  .  i 

Fallawater \  1 

Duchess I 

Wagener i 

Mcintosh I 

Wealthy 2 

Baldwin 15 

Peck's.  Pleasant ,  2 

Transcendant  Crab i 


100 
100 

87.6 

99.42 
100 

90.S 

98.2 

89.8 

94.6 

62.3-95 
100-89.4  (mean  99.09) 

98-75-97.9 
80.6 


o 
o 

12.4 
0.58 
o 

9.5 

1.2 
10.2 

377-50 
0.0-10.6  (mean  0.91) 
1.25-2.1 
19-4 


On  apple  trees  of  bearing  age  the  leaders  may  develop  apical 
flower  buds  during  the  first  year.  But  this  mode  of  bearing  does 
not  play  a  material  part  in  the  total  yield  of  a  tree.  The  crop  of 
apples,  at  least  in  years  when  the  yield  is  good,  is  produced  by 
the  spurs.  Let  us  study,  therefore,  the  behavior  of  the  spurs 
following  their  first  productive  year. 

We  have  seen  that  a  spur  usually  develops  from  an  axillary 
bud  on  two-year-old  wood  and  forms  an  apical  bud  subtended  by 
a  rosette  of  three  to  four  leaves,  which  develops  next  year  into  a 
very  short  growth  bearing  a  bud  subtended  by  a  rosette  of  six  to 
eight  leaves,  and  experience  has  shown  that  such  a  bud  is  invariably 
a  flower  bud,  whereas  the  apical  bud  with  a  rosette  of  three  to  four 
leaves  is  only  potentially  floriferous.  The  flower  bud  of  the  apple 
is  a  mixed  bud,  and  to  this  fact  we  owe  certain  peculiarities  in 
the  growth  of  spurs  to  which  attention  must  now  be  called. 
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After  the  flowers  have  been  pollinated  and  the  fruit  has  set  the 
lower  and  leafy  portion  of  the  floral  axis  becomes  considerably 
thickened  and  pursey  (Plate  i,  fig.  i),  hence  the  name  bourse  given 
to  It  by  the  French  and  which  Dr.  Black*  has  very  appropriately 
anglicized  purse.  On  this  purse  one  or  two  axillary  buds  either 
become  spurs,  darts  or  sprigs,  or  if  placed  terminally  on  a  leader 
may  and  usually  do  develop  a  shoot.  The  spurs  form  during  the 
current  year  and  either  flower  the  following  spring,  or,  and 
customarily  only  do,  develop  a  flower-bud  during  the  second  season 
and  bloom  in  the  third,  but,  should  the  purse  eyes  remain  dormant 
the  year  of  their  formation  then  the  spurs  would  not  bloom  until 
the  fourth  year;  the  darts,  which  develop  readily  on  purses  (see 
Plate  i,  fig.  i)  and  sprigs  flower  in  the  usual  way. 

Owing  to  the  fact  that  with  few  exceptions,  spurs  only  flower 
on  alternate  years  it  must  follow  that  after  an  apple  tree  begins  to 
form  new  growth  slowly  and  bear  heavily,  a  light  crop  must 
necessarily  follow  a  heavy  crop,  for,  when  the  flowering  of  the 
spurs  synchronizes  to  such  an  extent  as  to  give  a  large  yield,  the 
same  spurs  are  not  in  a  position  to  bear  again  until  the  next  suc- 
ceeding year.  Alternate  bearing  in  mature  apple  trees  is,  there- 
fore, a  natural  phenomenon  and  one  that  could  be  predicated 
from  the  mode  of  flowering  of  the  tree. 

Ill 

Alternate  bearing  of  the  apple  has  been  ascribed  very  generally 
to  exhaustion  following  the  productive  year,  but  this  opinion 
appears  to  be  without  foundation,  for  it  is  commonly  observed 
that  an  apple  grows  well  following  a  productive  year  which  would 
not  possibly  be  the  case  were  the  tree  exhausted.  Again  if  the 
tree  were  exhausted  when  it  bore  heavily  it  is  to  be  presumed  that 
the  spurs  would  require  a  longer  time  to  produce  flowers  than 
thc>'  do  w^hen  production  is  light,  for  a  spur  weakened  from  any 
cause  is  not  a  fruitful  spur  any  more  than  is  one  that  develops  with 
too  much  vigor.  Nor  is  there  any  particular  justification  in 
Gourley's  viewf  that  there  is  a  relation  beti^-een  the  amount  of 
starch  stored  and  flower  bud  development.     Flower  buds  may  be 

*  Black.  C.  A.   The  nature  of  the  injl<>re^crncc  and  fruit  of  Pyrus  Malu^,    Mem. 
New  York  Bot.  Card.  6:  521-     1916. 
t  Goariey.  J.  H.  toe,  cU, 
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developed  on  one-year-old  wood  by  defoliation,  cutting  back,*  or 
cutting  into  the  wood  above  the  eyes  as  is  done  when  lifting  a  bud.f 

These  several  methods,  dissimilar  as  they  may  appear,  all 
cause  increase  in  sap  pressure  and  not  an  increase  in  stored  starch, 
behind  the  buds  which  thereupon  grow  into  short  spurs  with  apical 
flower  buds.  The  difference  in  starch  content  between  fruitful 
spurs  and  barren  spurs  is  an  effect  of  the  mode  of  vegetation,  not 
the  cause  of  it.  An  inspection  of  fruit  spurs  will  show  that  those 
bearing  flower  buds  have  more  leaves  per  unit  length  than  those 
bearing  leaf  buds  and  consequently  should  contain  more  starch. 

But  if  the  theory  that  alternate  bearing  is  due  to  exhaustion 
has  little  or  no  foundation,  the  remedies  that  have  been  proposed 
to  overcome  the  debilitating  effect  of  fruitfulness  are  not  for  the 
most  part  without  value. 

According  to  Beach  "systematic  thinning  of  fruit  combined 
with  skillful  care  in  other  directions,  may  materially  strengthen 
the  tendency  of  the  tree  to  bear  annually  "t  a  statement  which 
can  not  be  considered  a  strong  endorsement  of  the  value  of  thinning 
for  the  purpose  of  equalizing  crop  production;  and  effectively  a 
/  year  later  we  find  the  same  author  concluding  as  a  result  of 
experiments  on  thinning  carried  out  for  several  successive  years 
that  "thinning  the  fruit  did  not  appear  to  cause  any  material 
change  in  either  the  amount  or  regularity  of  fruit  production,"§ 
a  view  that  must  be  considered  substantially  correct  as  we  shall  see. 

Thinning  the  fruit  can  not  be  expected  to  effectively  regularize 
bearing  for  the  reason  that  this  operation  can  have  but  the 
following  effects  upon  the  tree : 

1st,  Thinned  trees  produce  ceteris  paribus  more  new  growth  than 
non- thinned  trees;  2d,  The  sap  drawn  into  the  spurs  to  main- 
tain the  fruit,  is  diverted  after  thinning  into  the  eyes  of  the  purse 
which  develop  more  fully  than  they  otherwise  would  have  done. 

The  increased  growth  produced  by  thinning  will,  in  the  normal 
course  of  events,  flower  only  in  the  third  year  after  the  thinning  was 
effected,  in  other  words,  the  growth  produced  as  a  result  of  thinning 
will  become  productive  a  year  later  than  the  spurs  that  were 

♦Van  Tieghem,  Ph.     Trait6  de  botanique,  Ed.  2,  i:  961.     Paris.     1892. 
t  Baron,  Philibert.     Nouveaux  principes  de  taille  des  arbres  fruitlers.     1858. 
X  Beach,  S.  A.     The  thinning  of  fruit.     California  fruit  grower  27:  4.     1902. 
i  Beach.  S.  A.    Thinning  apples.     New  York  Agr.  Expt.  Sta.  Bull.  239:  19S, 
1903. 
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fruitful  during  its  first  year  of  growth  and  consequently  a  certain 
regulatory  effect  will  be  produced,  the  magnitude  of  which  can 
be  estimated  in  advance  by  the  number  of  spurs  formed. 

As  regards  the  effect  of  thinning  on  the  fructification  of  the 
spurs  it  should  be  noted  that  the  purse  eyes  normally  only  bloom 
the  third  year,  though  they  may,  as  Goff  has  pointed  out,*  bloom 
the  second  season,  but  such  behavior  is  exceptional  and  there  is 
no  evidence  at  present  that  thinning  advances  the  time  of  blooming 
of  the  purse  eyes. 

The  value  of  thinning  in  regularizing  bearing  must  be  small, 
though  there  can  be  littie  doubt  but  that  it  is  an  adjuvant. 

Various  cultural  operations  and  methods  of  fertilization  have, 
as  would  be  expected,  quite  marked  results  on  the  regularity  of 
bearing  of  apple  trees.  This  is,  of  course,  not  surprising.  Cul- 
tural methods  affect  markedly  the  vigor  and  productivity  of 
plants  and  it  is  easy  to  understand  that  in  any  given  soil  and 
situation  the  optimum  would  be  obtained  by  some  one  method 
of  treatment  rather  than  another.  The  data  presented  in  the 
following  table  is  in  this  respect  instructive. 

Table  II 

EmcT  or  Cultural  Mktuods  on  Productivity  and  Reclxarity  or  Bearing 
or  Northern  Spy  and  Baldwin  ApplesI 

CoHsr&l  awthod  Mmn  _ 

yieW         ■'O?  «9»  «V09  ""^io  «9"«  «y»a  ivmJ  1914  »9»5 


Bu.        Bu.  Bu.  Bu.  Bu.  Bu.  Bu.  Bu.  Bu.  Bu. 

TQ1«x«    and    cover- 
crop 364      -34«       -f«03       -169      +141       -16a       +117       +161       +148       +     2 

TUrcv.    cover    crop 

Rad  BUble  manure.  381.S  -264.$   -236.5   +1"  5    -165. «>   +230.5    -1935   +3725   -1-364.5    -"8.5 

TUlRce.    cover-crop 
Rad  chcinicRl 
mmaare 4^     -291      -298      -»-2i9      -302      +153      -259      +407      +i8o      +191 

Sod«aiulch .  .  .  3272-298.2   -106,2   -112. 2   +  63.8   -  81.2   +111.8   +199-8   +110.8   +111.8 

S«Ml-fDulch  Rod  ttmblc 

iDwmre .  470.7. -3*6.7   -255.7   +  22.3   +  553   +1503    -  57-7   +J82.3   +242.3    -  SX.7 

Sod-ttukfa  and  chetn- 

IcsJ  manvre .  . .  .      '4175  -37»S    -218.5    -     8.«;    +i4J'>    r^i'L'^    ~      '  *»    +j:-«:  s    +121. s    +116.5 

♦Goflf,  E.  S,  InvcsUfRtJoQ  of  flower  bu(i9.  Wisconsin  Agr.  Exp.  Report  17: 
S83«     1900. 

t  After  data  by  Stewart,  J.  P.  Cultural  methtKl^  in  bearing  orchards.  Penn- 
•yhfRala  Act.  Bxp.  StR.  Bolt  141:  23.     1916. 

X  In  1913  the  Baldwin  was  »cri{>u»ly  and  irreguUrly  alTi'ctetl  by  front  and  the 
yield  for  the  Northern  Spy  onJy  i*  given. 


Digitized  by  VjOOQIC 


94  Butler:  Alternate  bearing  in  the  apple 

The  data  in  the  above  table  show  that  in  the  trees  under 
tillage  alternate  bearing  is  more  pronounced  than  in  the  trees 
under  sod-mulch;  and  that  fertilization  emphasized  alternate 
bearing  whether  the  trees  were  in  sod-mulch  or  under  cultivation. 
The  trees  grown  in  sod-mulch  without  fertilization  bore  more 
uniformly  than  under  any  of  the  other  cultural  methods  usedi 
which  signifies  that  in  the  trees  so  treated  there  was  a  more 
uniform  yearly  production  of  spurs  than  in  the  others,  which  in 
other  words  means  that  the  yearly  growth  of  the  trees  must  also 
have  been  more  uniform. 

An  example  will  make  the  above  statement  clear.  Let  us 
assume  that  we  have  an  apple  tree  in  full  bearing  and  that  we 
have  six  consecutive  years  of  bearing  wood  already  formed.  Let 
us  say  that  the  youngest  growth  developed  in  1 916,  then  the  oldest 
was  produced  in  1908.  Now  if  the  yearly  growth  has  been  equal 
throughout,  the  number  of  spurs  formed  will  have  been  equal  and 
the  crops  produced  identical  (Text  fig.  i). 


1908   ^    1909  ^   1910  .^  1911        1912   ^   1913   ^   1914      1915       1916 
^"         <ClL       ^"        ^^*        ^»*        •'* 


Fig.  I.     Diagrammatic  drawing  showing  method  of  fruiting  of  the  apple. 
•  —  Bearing  year;  the  numbers  subjoined  in  the  figure  indicate  year  of  fruit- 
fulness. 

^  =  One  year's  growth. 
>  «■  Two  years'  growth. 

Now  let  us  suppose  that  the  yearly  growth  was  unequal,  then 
the  number  of  spurs  formed  will  have  been  unequal  and  produc- 
tiveness will  have  exhibited  corresponding  fluctuations. 

There  is,  therefore,  a  direct  relation  between  growth  and 
productiveness.  In  order  to  produce  annual  bearing  in  the  apple, 
and  this  is  a  sine  qua  non,  one  must  cause  the  development  of 
flower-buds  to  take  place  in  about  equal  numbers  every  year. 
In  other  words,  the  bearing  surface  of  an  apple  tree  after  it  has 
reached  maturity  should  not  be  allowed  to  change,  which  means 
that  the  new  growth  should  be  regular  and  always  sufficient  to 
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compensate  for  the  decrease  in  fertility  and  death  of  the  spurs 
on  the  older  bearing  wood.  Pruning  may  be  considered  as  the 
most  potent  means  of  regularizing  bearing,  in  fact  the  only  really 
effective  means  of  accomplishing  this  object,  as  Columella* 
pointed  out  long  ago.  By  pruning  one  can  maintain  the  proper 
balance  between  vegetative  vigor  and  reproductive  vigor.  By 
judicious  pruning  spurs  can  be  made  to  develop  in  proper  number 
so  as  to  fully  garnish  the  two-year-old  wood  and  even  to  form  on 
the  current  season's  growth.f  Again  the  spurs  themselves  can 
be  rendered  more  productive  by  judicious  pruning.^ 

In  conclusion  I  would  lay  down  the  following  axiom:  To  obtain 
regular  fruitfulness  in  apple  trees  of  bearing  age  the  yearly  de* 
partures  from  the  mean  growth  must  be  small. 

AcmicuLTVEAL  ExpntDotNT  Station. 
DiTRBAM,  New  Hampshire 

*  ColumelU.  L.  J.  M.  D«  rei  rustica.     Venice.     1523. 
t  Van  Ticfhem,  Ph.  loc,  cU,    Baron,  loc,  cU, 
X  Hardy,  he,  cit.    Forney,  loc,  dL 
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Description  of  plates  x-3 

Platb  I 

Fig.  z.    An  old  spur  showing  mode  of  growth  and  component  parts: — spun, 
purses  and  darts. 

Fig.  2.    A  fruit  branch  taken  from  a  Transcendant  Crab  showing  lateral  inflores- 
cences on  sessile  spurs. 

Plate  2 

A  fruit  branch  taken  from  a  Wealthy  apple,  showing  the  lateral  inflorescences 
borne  on  very  feebly  developed  spurs. 

Platb  3 
Fig.  I.    A  dart  in  flower. 
Fig.  2.    A  spur  in  flower. 


Digitized  by  VjOOQIC 


Meadow  vegetation  in  the  montane  region  of  northern  Colorado 

E.  L.  Rbbd 
(with  one  text  figure) 

The  meadows  here  considered  are  chiefly  those  of  a  mountain 
park«  Boulder  Park,  at  Tolland,  in  the  montane  region  of 
northern  Colorado,  at  an  altitude  of  2,710  m.  Reference  is  also 
made  to  some*meadows  at  lower  altitudes,  likewise  to  some  of  the 
subalpine  region. 

Boulder  Park  (Fig.  i)  is  a  small  treeless  valley  about  3.2  km. 
long  by  1.2  km.  wide,  surrounded  by  hills  covered  with  forests  of 


Fig.  X.  View  of  Boulder  Park  (Tolland.  Colorado)  looking  west  to  the  Con- 
tinental Divide.  Meadow  vegetation  is  developed  along  the  Creek,  around  the 
poiK'f  and  on  certain  hillsides,  especially  above  the  lake  at  the  right  of  the  picture. 
Photcifraph  by  Dr.  G.  S.  Dodds. 

conifers  and  aspens.  South  Boulder  Creek  flows  in  a  winding 
course  through  the  length  of  the  park.  The  floor  of  the  park  is 
covered  with  glacial  drift  in  the  form  of  morainic  knolls  and  sinks 
and  flat  terraces  formed  by  a  rearrangement  of  the  glacial  deposits 
through  the  action  of  running  water.    Drift  material  is  also  present 
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on  the  lower  parts  of  the  surrounding  hills.  The  vegetation  of 
the  park  forms  itself  naturally  into  the  following  communities: 
sedge  moor,  willow  scrub,  meadow,  and  dry  grassland  (see  Rama- 
ley,  i).  The  mesophytic  portion  of  the  grassland,  which  is  char- 
acterized by  meadow  grasses,  sedges,  and  flowering  herbs  closely 
set  so  as  to  expose  very  little  bare  ground,  is  here  termed  meadow. 
It  is  with  the  meadow  vegetation  primarily  that  the  present  paper  is 
concerned.  The  meadow  association  occurs  along  streams  and 
around  ponds,  lying  just  above  the  willow  scrub.  It  is  bordered  in 
turn  by  dry  grassland  or  else  by  coniferous  forest.  The  width  of  the 
meadow  zone  along  stre^ims  is  i-io  m.  or  more,  but  there  are  hill- 
side meadows  also,  one  in  particular  being  about  300  X  600  m.  in 
extent. 

Environmental  factors 

The  high  altitude  of  Boulder  Park  and  its  proximity  to  the 
snow-covered  peaks  of  the  Continental  Divide  give  it  a  severe 
climate.  There  is  considerable  snow  in  winter  and  frequent 
showers  occur  in  spring  and  summer.  The  annual  rainfall  is 
thought  to  be  about  twenty-eight  inches  and  the  mean  annual 
temperature  40°  F.  with  a  mean  for  July  of  about  58°  F.  The 
maximum  temperature  known  for  July  is  82°  F.,  and  the  minimumt 
32°  F.  Scarcely  a  week  passes  without  frost,  while  ice  is  formed 
frequently  in  July  and  August  (see  Ramaley,  2). 

The  soil  of  the  meadows  is  a  loose  sandy  loam  two  to  ten 
decimeters  thick.  The  subsoil  is  composed  of  coarse  gravel. 
Determinations  of  soil  moisture  and  temperature  were  made  each 
season.     The  results  are  shown  in  Tables  I  and  II. 

table  I 
Soil  temperatures  at  a  depth  of  30  cm. 
July,  19 1 5.  average  of  twenty-three  readings,  53.6°  F. 
July,  19 16,  average  of  fifteen  readings,  56.4**  F. 

TABLE    II 

Soil  moisture  at  depth  of  30  cm. 

July,  191 5,  average  of  fourteen  determinations,  16.7  per  cent. 

July,  1916,  average  of  five  determinations,  16.3  per  cent. 

By  way  of  comparison  it  may  be  stated  that  the  soil  tempera- 
ture of  the  dry  grassland  societies  shows  64°  F.  for  the  July  average 
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and  that  the  soil  moisture  shows  4.6-9.1  per  cent  (see  Ramaley, 
etc.,  I.  a.  3). 

Seasonal  aspects 

This  study  was  carried  on  in  1915  and  1916  during  two  sessions 
of  the  University  of  Colorado  Mountain  Laboratory,  extending 
from  the  last  week  in  June  to  the  first  week  in  August.  This 
embraces  the  summer  season  only,  hence  the  spring  and  autumn 
aspects  will  be  omitted. 

Early  summer  is  characterized  by  a  profusion  of  flowers; 
grasses  and  sedges  also  are  to  be  seen  but  they  are  not  yet  in 
bloom.  The  most  conspicuous  plants  are  Thermopsis  divaricarpa, 
PseudocymopUrus  tenuifolius,  CastiUeia  sulphurea,  and  Pedicularis 
Parryi.  The  green  of  the  foliage  and  yellow  of  the  blossoms  give 
the  meadows  at  this  time  a  yellowish  green  hue. 

I^te  summer  has  a  great  profusion  of  flowering  dicotyledons 
interspersed  with  grasses.  The  conspicuous  plants  in  flower  are 
Campanula  petiolata.  Delphinium  robustum,  and  three  species  of 
PoienHUa,  These  give  the  meadows  either  a  bluish  green  or  a 
yellowish  green  hue,  depending  upon  whether  the  Campanula  and 
Delphinium  or  the  species  of  Potentilla  predominate. 

Societies 

Owing  to  the  var>'ing  conditions  of  moisture,  differences  in 
soil  texture,  and  depth  to  subsoil,  various  societies  may  be  dis- 
tinguished. The  genetic  relationship  of  the  several  societies  has 
not  been  studied.  The  following  seem  fairly  well  marked  and 
with  each  a  few  species  of  the  most  prominent  plants  are  given: 

1.  PediculariS'Pseudocymopterus  Society, — In  certain  of  the 
drier  portions  of  the  meadows.  Pedicularis  Parryi,  Pseudocy- 
mopUrus tenuifolius,  Tium  alpinum,  Sinrrsia  ciliata,  Potentilla 
pukherrima,  Carex  festiva,  Festuca  ingrata,  Phleum  alpinum 

2.  Thermopsis-Castilleia'Campanula  Society. — Characteristic  of 
drier  portions  of  hillside  meadows.  Thermopsis  divaricarpa, 
CastiUeia  sulphurea,  Campanula  petioluta,  Bistorta  bistoUoides, 
Helianihella  quinquenervis,  Calochortus  Gunnisonii,  Allium  Geyeri, 
Valeriana  furfurascens,  Festuca  confinis,  Phleum  pretense,  Stipa 
Nelsonii,  Bromus  Porteri,  Danthonia  Parryi,    This  s<x:iety  has 
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two  seasonal  aspects:  (a)  early  summer  aspect  with  Thermopsis 
divaricarpa  and  Casiilleia  sulphurea  dominant;  (6)  late  summer 
aspect  with  Campanula  petiolata  dominant. 

3.  Campantda-Eriogonum  Society, — ^This  society  is  rather 
typical  of  the  drier  portions  of  the  meadow  especially  that  border- 
ing on  dry  grassland.  Campanula  Parryi,  Eriogonum  subalpinum, 
Galium  boreale,  Achillea  lanulosa,  Erigeran  macranthus,  Artemisia 
gnaphaloideSf  Stipa  Nelsonii, 

4.  Pentstemon-Agoseris  Society. — ^This  society  is  common  in 
glacial  sinks  where  the  soil  is  deep  and  only  moderately  wet.  A 
few  invasions  from  the  surrounding  dry  grassland  are  sometimes 
found.  Pentstemon  procerus ^  Agoseris  glauca,  Valeriana  furfuras- 
cens,  Pedicularis  Parryi,  Achillea  lanulosa,  Potentilla  pulcherrima, 
Mertensia  Bakeri,  Festuca  pseudovina,  Danthonia  intermedia, 

5.  Potentilla- Fragaria  Mixed  Society, — This  society  is  typical 
of  meadows  along  streams.  There  are  no  species  that  dis- 
tinguish the  society,  but  a  number  are  present  in  almost  equal 
abundance  and  the  plants  named  are  all  well  represented.  Poten- 
tilla pulcherrima,  P.  Hippiana^  Fragaria  glau^a^  Galium  boreale^ 
Valeriana  furfurascenSt  Achillea  lanulosa,  Sieversia  ciUaia,  Pseudo- 
cymopterus  tenuifolius,  Erigeron  eximius,  Dasystephana  Parryi, 
Tium  alpinum,  Thalictrum  Fendleri,  Trifolium  repens,  Danthonia 
Parryif  D.  intermedia^  Koeleria  cristata,  Festuca  rubra^  Agrostis 
hiemalis,  Stipa  Nelsonii, 

6.  Dasiphora-  Valeriana-Delphinium  Society. — A  society  seen  on 
moist  gravelly  soil  well  supplied  with  water.  Dasiphora  fruticosa, 
Valeriana  furfurascens^  Delphinium  robustum,  Fragaria  glauca^ 
Erigeron  eximius,  Galium  boreale,  Iris  missouriensis,  Caltha  lepto- 
sepahy  Pedicularis  Parryi,  Agoseris  glauca,  Pentstemon  procerus, 
Achillea  lanulosa,  Tium  alpinum,  Pseudocymopterus  tenuifoUus, 
Sieversia  ciliata,  Campanula  petiolata,  Aragallus  deflexus,  Dasy- 
stephana Parryi,  Castilleia  sulphurea,  Bistorta  bistortoides,  Potentilla 
pulcherrima,  P,  Hippiana,  Aragallus  Richardsonii,  Carex  festiva, 
Deschampsia  caespitosa,  Stipa  Nelsonii,  Festuca  Thurberi,  Koeleria 
cristata, 

7.  Deschampsia-Valeriana  Society, — A  society  of  fine-grained 
moist  soil  bordering  sedge  moors.  Deschampsia  caespitosa,  Valeri- 
ana furfurascens,    Thermopsis  divaricarpa,    Thalictrum   Fendleri^ 
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CasHUeia  sulpkurea,  PoteniiUa  pulcherrima,  Achillea  lantdosa, 
Iris  missauriensiSf  Dasysiephana  Parryi,  Dasiphora  ftutico^a. 
Aiostris  ilauca,  Carex  f estiva.  *  •*. 

Quadrat  determinations 

In  addition  to  a  general  study  of  the  meadows,  two  2  m.  quad- 
rats were  examined  in  detail  according  to  the  plan  developed  by 
Professor  Ramaley  in  his  study  of  dry  grassland  (4).  Of  course 
such  small  tracts  would  not  contain  all  the  species  in  the  meadow, 
but  they  had  more  than  one  fourth  of  all  the  meadow  plants. 
Table  1 1 1  shows  the  results  of  this  quadrat  study. 

table  hi 

SrVCin  VH   THB    QUADRATS  WITH  APPKOXIMATB    PBRCBNTACB  09  GROUND    COVKRBD 

BY  BACH 

PcfccntSBC  01  sfouod  oorcrcd 
Quadimt  i       Quadrat  t 


Bm^yckimm  LmnmH^ 

GCBMT* 

Cmtx  faH9€ 

Cdhikortms  Cmmmiumii 

SiAyHmddmm  impuiifoUum .  . 

C^rmat^mm  otcidtntmU 

D^phiuJMWi  rftfriffiitH 

ttmtmmffwUu  trndiofkyUus .  .  . 

Tk^Ut^wm  PtmdUri 

Ar^Ut  ttmu^ 

iMtfTMtiihtt  rfcwftorfrff 

Dmtphorm  fnUkosm 

^rajNTM  g^tus 

f^etgmmU  pmUktrrima   .  . 

A^msfdimt  RUkm^mmii 

Arm§alimi  d4/UMUS 

Tkmmvptu  diMncmp^ 

Tmm  mipinmm 

fmrnjot}  moptmus  Unuifotius 

DmrytUp^mma  Pmnyi 

ChamAfopkyOm  Prtwiontii .... 
CsttOUU  ttUpkmrem . .      . 

PtitfmlmiM  Pmryi 

PsmtMtmmm  procerus 


Vtimtwmt  furfm€3C4n$ . 
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Achilla  lanuiosq .•.'. i  3 

•         •  • 
Ant^nafda  anaphaloides 6 

*\Aj<ktfl^na  Forwoodii i 

'  I  Arnica  fulgens i 

Carduus  griseus 2 

Agoseris  glauca 5                   2 

Crepis  perplexa 2 

Taraxacum  Taraxacum i 

Bare  ground 15                12 

Water  requirements  of  various  plants 

The  plants  of  the  meadows  may  be  classified  according  to 
their  usual  water  requirements  or  better  the  amount  of  moisture 
in  the  soils  they  frequent.  Following  a  plan  used  by  Professor 
Ramaley  in  his  lectures  on  ecology,  the  meadow  plants  are  given 
the  index  numbers  5,  6,  and  7.  Those  that  grow  most  commonly 
in  the  drier  parts  of  the  meadow  are  numbered  5,  those  in  the 
wettest  parts  7,  while  the  typical  mesophytes  are  numbered  6. 

In  meadows  that  are  along  streams  or  ponds  it  is  often  possible 
to  recognize  about  three  zones,  these  being  characterized  by  dif- 
ferent amounts  of  moisture  in  the  soil.  Some  plants  are  restricted 
to  a  single  zone  while  others  may  grow  in  two  or  more  but,  with  few 
exceptions,  not  in  equal  abundance.  Certain  plants,  as  Achillea, 
grow  well  in  all  three  zones  but  are  seldom  in  great  abundance 
anywhere. 

In  the  systematic  list  of  meadow  species  given  below  the 
relative  soil  moisture  with  which  the  various  species  are  usually 
associated  is  indicated  by  one  or  more  of  the  figures  5, 6,  or  7.  The 
figure  which  represents  the  normal  condition  for  the  species  is 
italicized. 

Duration  of  individual  plants 

The  majority  of  the  meadow  plants  are  perennials  living  for 
many  years.  Thirteen  species,  representing  nine  per  cent,  of 
the  flora,  are  annuals.  These  are  Polygonum  Englemannii^  Alsine 
baicalensis  A,  longipes,  Draba  nitida,  Epilobium  paniculatum^ 
Gayophytum  ratnosissimum,  Androsace  subuUfera,  Amarella  plebeja, 
Chondrophylla  Fremontii,  Collomia  linearis,  Collinsia  parviflora, 
Orthocarpus  luieus,  Rhinanthus  Crista-galli,  Five  species,  repre- 
senting three  per  cent,  of  the  flora,  are  biennials.     These  are  Allium 
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recurvatum,  Arabis  divaricarpa,  A,  hirsuta,  PoUntiUa  monspeliensis, 
Lappula  floribunda.  Of  the  annuals  and  biennials,  Allium  re* 
curvaium  is  the  only  one  that  appears  in  any  great  abundance; 
the  others  are  infrequent. 

Frequency  of  occurrence  of  different  species 

The  various  species  do  not  occur  with  the  same  frequency  in 
each  meadow.  Some  are  found  in  great  profusion  either  locally 
or  widely  distributed.  Others,  which  likewise  may  be  either  local 
or  widely  distributed,  are  never  found  abundantly  in  any  place. 
In  the  following  list  frequency  is  indicated  by  letters:  (a)  abundant, 
(/)  frequent,  (p)  occasional. 

Systematic  list  of  meadow  plants  in  Boulder  Park  with 
their  frequency  and  water  requirements 

OPH  lOGLOSSAC  KA  B 

Botrichium  Lunaria  (o)  6,  7 

POACBAB 

KoeUria  cristata  (a)  5.  6 
PhUum  alpinum  (/)  5.  (J,  7 
PhUum  praUnse  if)  S>  ^ 
Poa  epilis  (/)  5 
Poa  interior  if)  $,  6 
Poa  nccadensis  if)  6 
Poa  rupicola  if)  6 
Poa  subpurpurea  (a)  $,6 
Savastana  odorata  (a)  6,  7 
Sitanion  longihAium  if)  j 
Sitanion  brnifi^ium  (o)  3 
Sporotx>lus  aspmhylius  if)  6,  7 
Stipa  \fhonti  {a)  $,6 
Slipa  Minor  if)5,(i 
Stipa  tiridula  if)  6 
Trisetum  subspiiotum  if)  5,  6 


Agrostis  ki4malis  if)  6 
Airopyrom  pscudorepens  {a)  $,  6 
Afropyron  caninum  (a)  6 
Agropyrom  Rich^dsonii  (/)  6 
Awnm  americana  if)  5.  6 
Bromtus  lanatipes  if)  5.  6 
BfOMUU  Porteri  (a)  6 
CmUmatrostis  canadensis  if)  7 
Oamikonia  intermedia  if)  6 
Dmnikonis  Parryi  ie)  3.  ^ 
Des€kampsia  caespitosa  (d)  6.  7 
Eiymus  gjtaucus  if)  7 
Fesiuea  com  finis  if)  6 
Fettmea  ingraia  if)  6 
PesUua  pseudonna  (a)  5.  6 
Pesitua  rubra  (o)  6 
Pesttua  Thurberi  (a)  $,  6 

Ca^isfestita  (a)  6.  7 
Cofex  lanuginosa  if)  7 
Cmrex  occidenialis  if)  7 


Cyperackae 

Cartx  pennsylianiia  if)  6,  7 
Carex  utriiulata  (f)  7 

Mklantuaceae 


Anticlea  elrgans  t/)  6 
Jl'ncaceak 
Jumeus  baUicus  montanus  (a)  3.  6  Juncus  saximontanus  </)  7 
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Allium  Geyeri  (a)  5,  6 


Iri^missouriensis  (a)  6.  7 


Alliacbab 

Allium  recurvaium  (a)  5.  6 

CONVALLARIACBAB 

Vagnera  stellaia  (/)  5.  ^ 

Calochortacbab 
Calochortus  Cunnisonii  (a)  6 

IXIACBAB 

Sisyrinchium  angustifolium  (a)  6 

0RCHIDACBAB 

Limnorchus  viridiflora  (/)  7 


Bistoria  histortoides  (a)  5,  6,  7 
Eriogonum  subalpinum  (/)  5 


Alsine  haicdUnsis  (o)  d,  7 
Alsine  longipes  (o)  (5,  7 
Arenaria  FendUri  (/)  5,  6 


POLYGONACBAB 

Polygonum  Englemanii  (/)  5 
Ktim^x  densiflorus  (o)  7 

Alsinacbab 

Arenaria  Hookeri  (o)  5 
Cerastium  occidentaU  (a)  5.  (^,  7 

Caryophyllacbab 
5t7nie  Ha«f  I  (o)  5 

Ranunculacbab 

Ranunculus  affinis  (/)  7 
Kantfncu/ttj  cardiopkyllus  if)  6 
Thalictrum  PendUri  (a)  5.  d.  7 


i4cofif/tim  ockroleucum  (o)  7 
Aconitum  insigne  (o)  7 
Delphinium  Nelsonii  (/)  5.  d 
Delphinium  robustum  (a)  6.  7 

Bbrberidaceab 
Odostemon  aquaefolium  (o)  5 


Arabis  divaricarpa  (/)  d 
i4raW5  glabra  (o)  (5 
Arabis  hirsuta  (o)  6 
3 Mr5a  Bursa- pastoris  if)  5,  6 


Brassicaceab 

Draba  niiida  (o)  d 
Draba  slreptocarpa  if)  6 
Erysimum  W heeler i  (o)  5 

Crasslxaceae 
Sedum  stenopetalum  (o)  5 


Saxifragaceae 
Micranthes  rhomboidea  if)  $,  6 


Dasiphora  fruticosa  (/)  6,  7 
Drymocallis  glandulosa  (o)  5 
Fragaria  glauca  (a)  (5,  7 
C/^MfM  oregonense  if)  6.  7 
Potentilla  filipes  (o)  d 


Rosaceae 

Potentilla  gracilis  (/)  5,  tf 
Potentilla  Hippiana  (a)  5,  6 
Potentilla  monspeliensis  (o)  6 
Potentilla  pulcherrima  (a)  $,  6 
Sieiersia  ciliala  (o)  5,  6,  7 
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J^ru^ms  LtmbtrtH  (a)  j.  6 
JkrmtmOms  RiO^dsonii  (a)  s.  6 
^raf«0«u  d4/UMUS  (f)  $,  6 


Fabacbab 

Homotobus  JUxuosus  (J)  j,  6 
Tkermopsis  dharicarpa  (a)  5«  tf 
Tium  alpinum  (a)  5,  tf 


Gbbaniacbab 
Cfranium  ntrposum  (a)  7 

LiNACBAB 

Unum  Lewisii  (a)  tf 

Malvacbab 
Sidalc4a  Candida  (/)  7 

Hypbricacbab 
Hypericum  formosnm  if)  7 

Efilobiacbab 
I  Miustifolium  (/}  5.  tf  Epilobium  rubescms  (a)  5.  tf 

K^dioMvOT  pamicuUtum  (o)  7  Cayophytum  ramosissimum  (a)  tf 


2«iMliifli  (o)  7 


Am^tmmtf  subuiifera  if)  6 


AwmmHU  pUheja  (o)  6 
C^mdropkyiU  Freimomlii  (o)  6,  7 


Ammiacbab 

Pseudocymopurus  UnuifoUus  (a)  5.  tf 

Pbimulacbab 

Dodecathson  radicaium  (o)  7 

Gbntianacbab 

Da^ysUphana  Parryi  (a)  tf 


LappmU  fkwibmmda  (f)  5 
Mmttmtta  tiHdrnU  (o)  d 


C«i«iiXcM  CriMia-ioUi  (o)  d 
CatHiUf  iulpkmrta  (a)  5.  (^ 
C^U«»a  p^HfUwa  (o)  tf 


Campammia  Parryi  if)  s,  6 


POLBMOKIACBAB 

CcUomia  linearis  (/)  (^ 

HvxmOPHYLLACBAB 

HydropkyUum  Fendleri  (/)  (5 

BORAGINACBAB 

Mertensia  Bakeri  (o)  5 

Rbikantuackab 

Pedicular  is  Parryi  (a)  $»  6 
Pedicular  is  Crayi  (o)  5 
Pentstemon  procerus  (a)  5,  d 
Rhinantkus  Crista-iaUi  (f)  6.  7 

RUBIACKAB 

GoZ/mm  6or«<i/«  (d)  $,6 

CAMPANtXACRAB 

Campanula  petiolata  (a)  5.  6 
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Valbrianaceae 
Valeriana  furfurascens  (a)  6,  7  Valeriana  micraniha  (a)  5,  6 

Carduaceab 

Achillea  lanulosa  (a)  6  Carduus  griseus  (/)  6 

AnUnnaria  anaphaloides  (a)  5  Ckrysopsis  viUosa  (a)  5,  6 

Antennaria  imbricata  (a)  5,  6  Erigeron  eximius  (a)  6 

AnUnnaria  microphylla  (/)  5  Erigeron  macranthus  (/)  5 

i4»<«ifiiarta  oxyphylla  (/)  5  Gaillardia  aristata  (a)  5,  6 

iin/^narta  ro5^a  (/)  5  HelianiheUa  quinquenervis  (a)  6 

Ar»M:a  fulgens  (/)  6,  7  Rudheckia  flava  {a)  (5,  7 

ilrnfVa  Parryi  (o)  6  Senecio  crocatus  (/)  (5 

Artemisia  Forwoodii  (/)  5  Senecio  per  plexus  (/)  (5 

Artemisia  aromatica  (o)  5  Senecio  scopulinus  (o)  (5 

Artemisia  gnaphaloides  (o)  5  Senecio  triangularis  (o)  7 

Carduus  americana  (/)  /5  Solidago  concinna  (o)  d 

Carduus  Ceniaureae  if)  6  Solidago  missouriensis  (/)  (5 
Carduus  erosus  if)  6 

Cichoriaceae 

Agoseris  glauca  (a)  (5  i4^o5frf5  aurantiaca  (o)  (5 

Agoseris  Greenei  (/)  (5  Crepis  perplexa  {a)  $,  6 

Agoseris  purpurea  (a)  (5  Taraxacum  Taraxacum  if)  6 

Meadows  of  the  lower  montane  region 

A  comparison  of  the  meadows  of  Boulder  Park  with  those  of 
the  lower  montane  region  shows  that,  in  the  main,  the  same  plants 
are  present  but  that  the  predominant  plants  in  the  lower  meadows 
become  secondary  or  may  even  be  absent  from  the  meadows  of  the 
park.  At  lower  altitudes,  introduced  plants  have  supplanted 
largely  the  native  species  and  have  often  become  dominant  as  the 
following  lists  show: 

Trifolium-Poa  Society. — Trifolium  repenSj  T.  pratensis^  Tium 
alpinum,  Fragaria  glauca ,  Potentilla  pulcherrima,  Achillea  lanulosa^ 
Juncus  balticus  montanus,  Dasiphora  fruticosa,  Phleum  pratense^ 
Car  ex  f estiva, 

Trifoliutn-Phleum  Society.— Trifolium  repens,  Phleum  pratense, 
Trifolium  pratensisj  Campanula  petiolata,  Fragaria  glauca.  Gerani- 
um nervosum^  Tium  alpinum,  Achillea  lanulosa^  Taraxacum  Taraxa- 
cum,  Rudbeckia  jlava,  Deschampsia  caespitosa,  Carex  f estiva. 

The  higher  subalpine  meadows  differ  from  the  meadows  of  the 
montane  zone  in  general  appearance.  Many  of  them  have  a 
grayer  aspect  due  to  the  presence  of  sages  and  the  greater  hoariness 
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of  some  of  the  other  plants.  The  plants  here  are  generally  shorter 
and  the  vegetation  resembles  dry  grassland  in  its  general  aspect. 
Some  of  the  plants  found  here  are  common  plants  of  the  montane 
region  but  they  show  a  tendency  toward  dwarfing  due  to  the  effects 
of  the  more  severe  climatic  conditions.  In  general  there  is  more 
open  or  bare  ground  than  in  meadows  at  lower  altitudes.  Among 
the  prominent  plants  are  PseudocymopUrus  tenuifoUus,  Bistorta 
bistortoides,  Micranthes  rhomboidea,  Pedicularis  Parry i,  Achillea 
lanulosa,  Rydbergia  grandiflora,  Sedum  stenopetalum^  CerasUum 
ouidentale,  Erysimum  oblanceolatum,  Artemisia  Parryi,  Dasiphora 
fruticosa,  Campanula  petiolata,  Dasystephana  Romanzovii^  Agra* 
pyron  violaceum,  Poa  crocata. 

The  lower  subalpine  meadows  have  the  dark  green  color  of  the 
montane  meadows  but  the  plants  are  shorter.  The  number  of 
grasses  present  is  smaller  and  these  cover  less  ground;  therefore 
they  are  not  so  conspicuous  as  in  the  montane  zone.  Among  the 
prominent  plants  are  the  following:  Erigeron  elatior,  E.  salsugi- 
Hcsum,  ChrysopsisvUlosa,  Achillea  lanulosa,  Cc^tilleiaconfusa^  Tium 
alpinum,  CastHleia  occidentalism  Thermopsis  divaricarpa,  Arnica 
Parryi,  Solidago  missouriensis,  Campanula  peticlata,  Chanuienerion 
angustifolium,  Helianthella  quinquenervis,  A  rtemisia  Parryi,  Pseudo- 
cymopterus  tenuifolius,  Vaccinium  caespitosum,  Senecio  Flint ii^ 
Juncus  Drummondii,  Car  ex  f estiva,  Stipa  minor,  Agropyron  pseudo- 
repens. 

Geographic  relations 
The  fifty- five  most  prominent  species  of  the  meadow  are  largely 
northern  plants.  One  plant  only,  Pseudocymopterus  tenuifolilis, 
has  a  range  predominantly  southern.  Twenty-t\%'o  range  about 
equally  north  and  south.  Table  IV  shows  geographic  and  alti- 
tudinal  ranges  of  the  predominent  plants. 

table  IV 

GBOGRAPUIC   and   ALTITl'DINAL   RANf.H   OF   MEAtK>W   PLANTS 

No.  of  tpeciet  ranging  chiefly  to  the  north .   ^2 

No,  of  ipcciefl  ranging  chiefly  to  the  south .1 

No.  of  specie*  ranging  to  north  and  south ...                            ...  ,  .2$ 

No.  of  tpedct  ranging  chiefly  higher ...  .10 

No.  of  (pecie*  ranging  chiefly  lower 30 

No.  of  tpeck*  ranging  both  higher  and  lower ...  25 
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Meadow  plants  found  in  the  forest  and  along  roadsedes 

Comparison  with  a  paper  by  Miss  Mary  Esther  Elder  (s) 
shows  that  the  following  plants  here  listed  as  meadow  plants  axe 
also  found  in  Boulder  Park  along  roadsides:  Phleum  pratense, 
Koeleria  criskUa,  Poa  prcUensis,  Festuca  rubra^  Juncus  baUicus 
montanus,  Bursa  Bursa-pastoris^  Potentilla  monspeliensis^  Fra- 
garia  glaiica,  TrifoUum  pratense^  Trifolium  repens,  AragaUus 
deflexus,  Chamaenerion  angusHfoHum,  Collomia  linearis^  Chrysopsis 
villosa,  SoUdago  concinna,  Achillea  lantdosa,  Artemisia  Forwoodii^ 
Artemisia  gnaphaloides,  Taraxacum  Taraxacum. 

Comparison  with  a  paper  by  Miss  Katharine  Bruderlin  (6) 
shows  that  the  following  plants  here  listed  as  meadow  plants  are 
also  found  in  the  Lodgepole  Pine  forest:  Arenaria  Fendleri^ 
Cerastium  occidentale,  Draba  streptocarpa,  Erysimum  Wheeleri, 
Sedum  stenopetalum,  Drymocallis  glandulosa,  Potentilla  pulcherrima^ 
Sieversia  ciJiata,  AragaUus  Lanibertii,  AragaUus  Richardsonii^ 
Thermopsis  divaricarpa,  Tium  alpinum,  Chamaenerion  angusti- 
folium,  Amerella  plebeja,  Castilleia  sulphurea,  Orthocarpus  ItUeus^ 
Penstemon  procerus,  Galium  boreale.  Campanula  petiolata,  Achillea 
lanulosa,  Antennaria  anaphaloides,  Antennaria  microphylla,  An- 
tennaria  rosea,  Carduus  americana,  Erigeron  mcLcranthus,  Erigeron 
eximius,  Agoseris  purpurea. 

Summary 

The  foregoing  is  a  report  of  a  study  of  the  meadows  of  a  high 

mountain  park  at  Tolland,  Colorado,  made  during  two  summer 

seasons.     Descriptions  of  seven   societies  are   given.    Societies 

of  the  lower  montane  region  are  also  indicated  and  the  chief 

characteristics  of  the  subalpine  meadows  briefly  discussed.    A 

list  of  the  meadow  plants  of  Boulder  Park  with  their  frequency 

and  soil  moisture  index  is  given. 

Agricultural  and  Mechanical  College  of  Texas, 
College  Station.  Texas 
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A  revision  of  the  genus  Polygonatum  in  North  America 

R.  R.  Gates 
(with  platbs  4-6) 

This  genus  has  been  in  a  very  chaotic  condition  owing  to  the 
"lumping"  of  species,  the  transference  of  names,  and  the  confusion 
of  North  American  with  European  species.  The  whole  genus  con- 
tains probably  not  less  than  fifty  species,  the  majority  of  which 
are  European  or  Asiatic.  There  has  been  a  marked  tendency  to 
form  aggregate  species  of  the  European  forms,  so  that  they  too 
are  in  need  of  a  critical  revision  and  comparison  with  North 
American  forms.  Not  until  then  will  it  be  possible  to  determine 
the  closeness  of  the  relationship,  though  it  appears  at  present  that 
none  of  the  North  American  species  agree  with  European  forms. 

The  North  American  forms  have  been  divided  by  Fan^ell 
into  two  groups,  the  PuhescenUs  and  the  Glahrata,  corresponding 
respectively  to  the  species  which  have  hitherto  been  erroneously 
going  under  the  names  P.  biflorum  and  P,  commutatum  and  which 
were  supposed  to  comprise  all  American  forms.  It  may  be  pointed 
out  that  the  European  alternate-leaved  species  are  also  some  of 
them  glabrous  and  some  pubescent. 

The  number  of  species  here  recognized  is  nine,  including 
three,  P.  hirhim,  P.  camUiculaium,  and  P.  parviflorum,  which  are 
only  known  from  eariy  descriptions.  The  remaining  sfXHries  show 
much  puzzling  variation,  so  that  a  number  of  varieties  are  recog- 
nized, and  the  limits  of  variation  of  several  of  the  sjhh  ies  are  by  no 

IThe  BuLUmH  for  February  (44:  65-116.  pi.  t-j)  was  issuttJ  February  j;.  lyi;  1 
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means  clear  at  the  present  time.  The  only  form  which  appears 
to  be  a  possible  mutation  is  P.  giganteum.  The  interpretation  of 
the  origin  and  relationships  of  the  other  species  and  varieties 
will  have  to  await  a  more  detailed  knowledge  of  their  characters, 
variation  and  distribution. 

The  Euro- Asian  members  of  the  genus  Polygonatum,  however, 
furnish  a  series  of  species,  such  as  P.  verticillatum  All.  and  P. 
Haussknechtii  Bornm.  &  Sint.,  which  agree  in  having  their  leaves 
in  whorls,  rather  than  alternate  as  in  American  species  or  opposite 
as  in  some  European  species.  This  verticillate  condition  probably 
did  not  come  about  gradually,  and  must  have  appeared  as  a 
mutation  by  a  single  step.  Whether  this  mutation  occurred  but 
once,  all  verticillate  species  having  then  descended  from  a  common 
stock,  cannot  be  debated  at  the  present  time,  but  this  is  by  no 
means  necessarily  the  case.  The  fact  of  parallel  mutations  of 
course  complicates  all  interpretations  of  phylogenetic  possibilities. 

Unless  otherwise  stated  the  specimens  cited  below  are  in  the 
herbarium  of  the  Missouri  Botanical  Garden.  The  abbreviation 
*'Cal."  signifies  the  herbarium  of  the  University  of  California. 

I.   Polygonatum  pubescens  (Willd.)  Pursh 

Convallaria  pubescens  Willd.  Hort.  Berol.  45.  pi.  45,     1805. 
Polygonatum  pubescens  Pursh,  Fl.  Am.  Sept.  234.     1814;  Farwell, 

Bull.  Torrey  Club  42:  253.  pL  13 A,     1915. 
Polygonatum  multiflorum  j8  americanum  Hook.  Fl.  Bor.  Amer.  2: 

176.     1840  (in  part). 
Polygonatum  biflorum  Ell.;  A.  Gray,  Manual,  Ed.  2,  466.     1856. 
Salomonia  biflora  Farwell,  Rep.  Com.  Parks  Detroit  11 :  53.     1900. 
Polygonatum   boreale   Greene,    Leaflets    i:  181.     1906.     Farwell, 

Bull.  Torrey  Club  42:  253.  pL  14A.     191 5. 

Known  from  Massachusetts  south  to  Carolina  and  west  to 
Wisconsin,  Michigan  and  Indiana.  The  bounds  probably  extend 
beyond  these  limits. 

Massachusetts:  Oak  Island,  May  23,  1897,  /.  M.  Greenman 
2284;  Stony  Brook,  May  15,  1897,  /.  M.  Greenman  2288;  Prov- 
incetown,  May  22,  1904,  /.  AT.  Greenman  joij,  Connecticut: 
Norwich,  May  25,  1883,  W.  A,  Setchell  (Cal.);  Waterbury,  June  i, 
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1888,  Constance  G.  Dubois  (Cal.).  New  Jersey:  Greenwood 
Lake,  Passaic  County,  May  19,  1907,  K.  K.  Mackenzie  2574; 
Somerset  County,  R,  C  Perry.  Pennsylvania:  MountviUe, 
May,  1889,  A.  F.  Eby.  Virginia:  Hungry  Hollow,  northeast  of 
Marion,  Smyth  County,  May  24,  1892,  John  K.  Small  (Cal.). 
Indiana:  Harrison  Township  (Section  30),  Wells  County,  May 
14,  1905,  Charles  C.  Deam  (specimen  verging  toward  var.  cunea* 
ium)\  North  Lapaz  Junction,  Marshall  County,  May  18,  1913, 
J,  A.  Nieuwland  11035.  Wisconsin:  Ephraim,  June  5,  1907, 
J.  M.  Greenman  2167;  Appleton,  May  15,  1896,  H.  P.  Chandler 
(Cal.).  Minnesota:  Minneapolis,  June,  1890,  J.  H.  Sandberg. 
Farwell  has  endeavored  to  separate  P.  boreale  Greene  from  P. 
pubescens  on  the  basis  of  the  somewhat  larger  and  more  elliptical 
leaves  of  the  former,  but  the  variation  between  them  is  apparently 
continuous.  Moreover,  the  two  specimens  cited  above  from 
Greenwood  Lake,  New  Jersey,  and  Ephraim,  Wisconsin,  are 
exactly  alike  and  correspond  with  the  measurements  given  by 
Farwell  for  P.  boreale.  Hence,  in  the  presence  of  intermediates, 
both  cannot  be  recognized  since  they  have  the  same  range. 

\a.  Polygonatum  pubescens  cuneatum  (Greene)  Farwell 
Polygonaium  cuneatum  Greene,  Leaflets  i:  181.     1906. 
Polygonatum  pubescens  cuneatum  Farwell,  Bull.  Torrey  Club  4a: 

253-  Pl'  ^J.  B.     1915. 

Described  by  Greene  from  near  Turin,  Marquette  County, 
Michigan.  According  to  Fan^ell  it  differs  from  P,  pubescens  only 
in  having  longer  and  relatively  narrower  leaves  cuneate  at  the 
base.     Known  from  Michigan  to  Pennsylvania  and  Connecticut. 

Connecticut:  Berlin,  1870,  T.  5.  Brandegee  (Cal.  iiq68o). 
Pennsylvania:  Bellwood,  Blair  County,  May  18,  1904,  0.  E. 
Jennings  (Cal.  6Q244).  In  these  two  specimens  the  leaves  are 
20-25  mm.  wide  X  6-9  cm.  long,  the  flowers  small,  greenish,  8-10 
mm.  long. 

\b.  Polygonatuiii  pubescens  australe  (Farwell)  comb.  nov. 
Polygonatum  boreale  australe  Farwell.  Bull.  Torrey  Club  42:  254. 
pi.  14,  B.  1915. 
Known  only  from  Detroit,  Michigan,  and  the  following  l(K\\lity : 
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Massachusetts:  Purgatory  Swamp,  Westwood,  May  14, 
1904,  A.  H.  Moore  (Cal.  1S84QS)'  The  specimen  here  cited  and 
photographed  (Plate  4,  A)  agrees  with  Farwell's  description 
except  that  the  peduncles  are  mostly  two-flowered.  This  form 
is  decidedly  smaller  and  more  slender  than  var.  cuneatum,  but 
may  perhaps  be  connected  with  it  by  intermediates.  The  dimen- 
sions of  the  specimens  studied  are  as  follows:  stem  1.5-2.5  mm. 
in  diameter,  rootstock  4-5  mm.  in  diameter,  leaves  pubescent  and 
glaucous  below,  elliptical,  4.5-6  cm.  long,  14-22  mm.  wide. 

2.  Polygonatum  hirtum  (Bosc)  Pursh 
Convallaria  hirta  Bosc;  Poiret,  Encyc.  4:  369.  1796. 
Polygonatum  hirtum  Pursh,  Fl.  Am.  Sept.  234.     1814. 

This  species  is  unknown  at  the  present  time,  but  there  should 
be  no  difficulty  in  identifying  it  from  Poiret*s  description  and  the 
specimens  in  Paris.  It  is  evidently  most  nearly  related  to  P. 
pubescenSf  with  which  it  agrees  in  having  pubescence  along  the 
nerves  on  the  ventral  surface  of  the  leaves,  but  from  which  it 
diflfers  in  that  the  stem  and  peduncles  are  also  pubescent.  The 
leaves  are  described  as  sessile,  nearly  amplexicaul,  oval,  large, 
ending  in  a  long,  obtuse  point.  The  peduncles  are  said  to  be  an 
inch  long  and  two-  or  three-flowered.  The  size  of  the  flowers  can 
only  be  determined  by  examination  of  the  specimens  at  the 
Museum  d'Histoire  Naturelle  in  Paris.  Crevecoeur  brought  the 
species  from  North  America  to  the  Jardin  des  Plantes  in  1789. 

3.  Polygonatum  biflorum  (Walt.)  Ell. 
Convallaria  biflora  Walt.  Fl.  Car.  122.     1788. 
Polygonatum  angustifolium  Pursh,  Fl.  Am.  Sept.  234.     1814. 
Polygonatum  biflorum  Ell.  Hot.  S.  C.  &  Ga.  i:  393.     1817. 
Convallaria  angustifolia  Schult.  Syst.  7:  301.     1829. 
Polygonatum   multiflorum  j9  americanum   Hook.   Fl.  Bor.  Am.  2: 

176.     1840  (in  part). 

Carolina  to  Pennsylvania. 

This  species  occurs  on  the  Atlantic  coast,  but  its  full  range  is  at 
present  unknown.  Since  the  second  edition  of  Gray's  Manual, 
in  which  P.  pubescens  and  other  forms  were  merged  with  it,  P. 
biflorum  has  been  an  inclusive  species,  supposed  to  range  north- 
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ward  to  New  Brunswick  and  westward  to  Kansas  and  Texas. 
The  precise  characters  of  Walter's  P.  biftorum  are  difficult  of 
determination.  Farwel!  (/.  c,  pi.  75,  A)  published  a  figure  of 
what  he  believed  to  be  the  type  of  the  species,  from  a  specimen 
collected  in  Franklin,  New  Jersey,  by  H.  H.  Rusby.  I  have 
examined  specimens  the  exact  counterpart  of  this.  It  is  a  fairly 
constant  form  and  I  have  described  it  below  as  P.  biflorum 
kebeixjolium.  It  cannot  represent  Walter's  type  because  that 
calb  for  a  three-nerved  leaf. 

What  1  believe  to  be  the  type  of  Walter's  ConvdUaria  bifiora 
is  represented  by  a  suite  of  six  sheets  of  specimens,  all  very 
uniform,  from  the  Chapman  herbarium  in  the  herbarium  of  the 
Missouri  Botanical  Garden.  Unfortunately  these  are  without 
locality,  but  they  doubtless  came  from  somewhere  in  the  south- 
eastern states,  probably  North  Carolina.  One  of  the  sheets  is 
represented  in  Plate  4,  B,  and  a  description  of  the  sp>ecimens 
follows : 

Plant  glabrous,  2-5  dm.  high,  naked  portion  of  stem  usually 
shorter  than  leafy  portion.  Leaves  seven  to  ten,  secund,  narrowly 
elliptic-lanceolate,  tapering  gradually  to  a  long,  narrow  point,  more 
acute  than  in  any  other  American  Polygonatum,  7-12  cm.  long,  8-17 
mm.  wide,  with  three  to  seven  more  or  less  prominent  nerves, 
tapering  gradually  to  a  semiamplexicaul  or  sessile  base.  Peduncles 
slender  (less  than  0.5  mm.  in  diameter)  2 -3cm.  in  length,  t>earing 
one  or  two  flowers  on  short  pedicels  4-6  mm.  in  length.  Flowers 
yellowish,  about  2  cm.  long  and  3-5  mm.  in  diameter. 

A  specimen  collected  by  C.  W.  Eisenhower  at  Conewago  Creek, 
Penn5>'lvania,  in  May,  1898,  agrees  with  the  type  except  that  it 
has  somewhat  broader  leaves  (15-21  mm.  wide). 

3a.  Polygonatum  biflorum  hebetifolium  var.  nov. 

A  specie  diflfert  foliis  latioribus  et  obtusioribus  (7-10  cm.  longis, 
13-26  mm.  latis),  sine  nervis  manifestis  aut  solum  nervo  meiiio 
indicato;  floribus  minoribus,  albidis  (7-15  mm.  longis),  frequenter 
binis,  pedicellis  usque  ad  I  cm.  longis. 

New  York:  Princes  Bay,  Staten  Island,  May  25,  1889, 
A'.  L.  BriUon  (Cal.).  New  Jerskv:  Snake  Hill,  near  H()l)oken, 
June  2,  1884,  //.  von  Schrenk.  Pennsylvania;  Mountville,  July, 
1888,  A.  F,  Eby;  Mt.  Alto,  ic>o9,  Joseph  Illuk  (Howers  14  mm. 
long);  York  County,  June  3,  1895,  N,  M.  GlatfeUer  {no  i\o\\vT>); 


Digitized  by  VjOOQIC 


122  Gates:  Revision  of  genus  Polygonatum 

York  County,  June  3,  1895,  5.  WUliams  (no  flowers).  District 
of  Columbia:  Washington,  188-, L.  F.  Ward  (Cal,).  Kentucky: 
Louisville,  1835,  C  W.  Short  (flowers  15  mm.  long);  Bowling 
Green,  May  29, 1899,  Sadie  F,  Price,  North  Carolina:  locality, 
date,  and  collector's  name  unknown  (specimen  in  the  Chapman 
herbarium,  type).  Missouri:  Watson,  June  i,  1894,  B,  F. 
Bush  S27. 

One  sheet  in  the  Chapman  herbarium  contains  one  specimen  of 
typical  P.  biflorum  and  one  of  the  variety  (Plate  5,  A).  Hence  no 
doubt  they  both  occur  in  the  same  locality.  The  variety  extends 
as  far  west  as  Missouri  and  its  flowers  vary  somewhat  in  size,  the 
leaves  also  showing  some  variation  in  relative  width  and  in 
obtuseness.  Indeed  I  have  included  a  considerable  range  of  forms 
which  may  ultimately  have  to  be  separated.  While  in  the  type 
specimen  the  flowers  are  small  and  the  leaves  scattered  on  the 
stem,  in  the  Missouri  form  (Plate  5,  B)  the  flowers  are  much 
larger  (18  mm.)  and  the  leaves  rather  crowded  on  the  stem. 
A  majority  of  the  specimens  cited  correspond  rather  more  nearly 
with  the  latter  condition  than  with  the  former. 

4.   Polygonatum  canaliculatum  (Muhl.)  Pursh 
Convallaria  canaliculata  Muhl.;  Willdenow,  Hort.  Berol.  45.     1805. 
Polygonatum  canaliculatum  Pursh,  Fl.  Am.  Sept.  234.     1814. 
This  North  American  species  was  described  as  follows: 

Foliis  alternis  amplexicaulibus  oblongis  margine  pubescentibus,  caule  canaliculato. 
pedunculis  bifloris  axillaribus.  Differt  a  Convallaria  pubescenti;  foliis  oblongis 
glabris  margine  tantum  tenuissine  pubescentibus,  corolla  magnitudine  et  facie 
Convallariae  Polygonati. 

C.  muUiflora  Michx.  (Fl.  Bor.  Am.  i:  202.  1805)  is  given  as  a 
synonym,  from  which  it  may  be  inferred  that  the  distribution 
"Pennsylvania  to  Virginia"  given  by  Michaux  applies  to  P. 
canaliculatum.  Although  the  name  P.  canaliculatum  has  since 
been  used  in  various  senses,  yet  the  pubescent  leaf-margins  prevent 
its  identification  with  any  species  at  present  known.  Its  exact 
characters  should  be  determined  from  the  original  specimens  and 
the  careful  description  given  by  Schultes  (Syst.  7:  1670.     1830). 

5.   Polygonatum  commutatum  (J.  A.  &  J.  H.  Schult.)  Dietr. 
Convallaria  commutatum  J.  A.  &  J.  H.  Schult.  Syst.  7:  1671.     1830. 
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PolygamUum  commulaium  DietT,;  Otto&  Dietr.  Gartenz.  3:  223. 

1835. 
Polygonatum  multiflorum  0  americanum  Hook.  Fl.  Bor.  Am.  a: 

176.     1840  (in  part). 
Polygonatum  taiifoHum  var.  commuUUum  Baker,  Jour.  Linn.  Soc. 

Hot.  14:  555.     1875. 
Polygonatum  biflorum  commutatum  Morong,  Mem.  Torrey  Club  5: 

115.     1894. 
Salomonia  commutata  Britton,  Man.  273.     1901. 

Georgia  to  Pennsylvania,  Wisconsin,  South  Dakota  and  Okla- 
homa, probably  extending  north  into  Canada. 

This  appears  to  be  the  most  widely  distributed  of  all  the  species. 
It  varies  considerably  within  the  range  indicated,  and  other 
segregates  may  be  detached  from  it  later.  The  following  speci- 
mens in  the  herbarium  of  the  Missouri  Botanical  Garden  are  here 
referred  to  it; 

Pennsylvania:  Conewago,  May,  1889,  J.  H.  Eby;  George 
School  woods^  June  2,  1906,  Elma  M.  Eves,  Georgia:  cliffs  of 
the  Coosa  River,  Rome,  1872,  A.  W.  Chapman  3886,  3917. 
Tennessee:  Knoxville,  April  and  May,  1898,  Albert  Ruth  148, 
781  (the  latter  specimen  intermediate  between  P,  commutatum 
and  P.  biflorum  hebetifolium,  leaves  38  X  12  cm.).  Wisconsin: 
Mirror  Lake,  Sauck  County,  July  13,  1903,  H.  Eggert.  Iowa: 
Iowa  City,  A.  S.  Hitchcock.  Missouri:  St.  Louis,  June,  1892, 
//.  Eggert;  Ilasco,  August  20,  191 1,  John  Davis  Q87,  South 
Dakota:  Vermillion.  May  22.  1911,5. 5.  Vischer  4018;  Oakwood, 
Thomas  A,  Williams;  Oakwood,  May  23,  1902,  A,  G.  Johnson. 
Nebraska:  Nuckolls  County,  August,  i8(>9,  George  C.  Hedgcock 
(three  sheets);  southwest  of  Lincoln,  June  5,  1900,  George  C 
Hedgcock;  South  Bend,  May  12,  1900,  George  C.  Hedgcock,  Kan- 
sas: Cowley  County,  June,  1898,  Mark  White;  Riley  County, 
1896,  7.  B,  Norton  834;  Fort  Riley,  Geary  County,  July  2,  1895, 
C.  //.  Thompson.  Oklahoma:  Sapulpa,  July  27,  1894,  B.  F. 
Bush  S78  (** uncommon"). 

5a.  Polygoiuitam  commutatum  virginicum  ((>reene)  comb.   nov. 
Polygonatum  virginicum  Greene,  Leaflets  i:  181.     1906. 
Polygonatum  biflorum  virginicum  Farwell,  Bull.  Torrey  Club  42: 
2fA'Pli5^B.     191 5. 
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This  variety  (Plate  6,  A)  is  evidently  closely  related  to  the 
typical  form  of  P.  commutatum,  from  which  it  differs  chiefly  in 
having  elliptical  leaves,  not  amplexicaul,  dark  green  in  color,  and 
more  slender  peduncles.  Farwell's  illustration  represents  a  form 
of  P.  commutaium. 

Virginia:  bluffs  of  the  middle  fork  of  the  Holston  River,  near 
Marion,  Smyth  County,  May  22,  1892,  John  K,  Small  (Cal,  383s* 
CO- type  of  P.  virginicum).  District  of  Columbia:  Dalecarlia 
Reservoir,  May  23,  1905,  Joseph  H.  Painter  J30Q. 

56.  Polygonatum  commutatum  ovatum  (Farwell)  comb.  nov. 
Polygonatum  biflorum  ovatum  Farwell,  Bull.  Torrey  Club  42 :  255- 

pi.  16,  A.     1915. 

Michigan  to  Iowa,  Nebraska  and  Oklahoma. 

This  variety  as  here  understood  differs  from  the  species  chiefly 
in  having  leaves  which  are  amplexicaul,  usually  rather  broadly 
ovate  with  very  blunt  tips,  peduncles  stout  and  flattened,  flowers 
frequently  in  3*s  and  4's,  about  18  mm.  in  length.  It  is  clearly 
related  to  P.  commutatum  rather  than  P.  biflorum. 

Iowa:  Shelby  County,  May  30,  1894,  T.  J.  6sr  M.  F.  L. 
Fitzpatrick;  Grinnell,  1886,  H.  W.  N orris.  Nebraska:  near 
Lincoln,  June  5,  1900,  George  C.  Hedgcock.  Oklahoma:  Catoosa, 
May  14,  1895,  B'  P'  -Btt^A  1282  ('* common'*). 

6.   Polygonatum  giganteum  Dietr. 
Polygonatum  giganteum  Dietr.;  Otto  &  Dietr.   Gartenz.  3:  222. 

1835. 
Polygonatum  multiflorum  fi  americanum  Hook.  Fl.  Bor.  Am.  2 :  176. 

1840  (in  part). 
Polygonatum  biflorum  y  giganteum  Wood.  Bot.  &  Flo.  346.     1870, 
Polygonatum  canaliculatum  giganteum  Farwell,  Bull.  Torrey  Club 

42:  256.  pi  18.     1915. 

Maryland  and  Pennsylvania  to  Wisconsin  and  Montana,  south 
to  Nebraska,  Missouri  and  Kentucky. 

This  species  was  originally  described  by  Dietrich  from  speci- 
mens received  from  the  Edinburgh  Botanic  Garden,  the  super* 
intendent's  son  having  obtained  it  from  North  America.  It 
appears  to  be  essentially  a  giant  derivative  of  P.  commutatufn^ 
yet  its  characters  are  sufficiently  distinct  to  be  amply  worthy  of 
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specific  rank.  The  following  specimens,  while  conforming  in 
general  to  Dietrich's  description,  vary  somewhat  in  leaf-shape, 
length  of  peduncles,  number  of  flowers,  etc.,  sometimes  much 
exceeding  the  measurements  of  the  original  description.  In  that 
description  the  plants  were  3  feet  high,  though  they  attained  a 
height  of  7^^  ft.  in  the  Edinburgh  Garden;  the  peduncles  6-8 
lines  long,  bearing  3-4  flowers  on  F>edicels  4-6  lines  long;  the  leaves 
o\'al,  glaucous  beneath.  In  the  specimens  of  P.  giganteum 
examined,  the  stem  in  one  case  attained  a  diameter  of  2  cm.,  the 
(flat)  peduncles  a  length  of  11  cm.  (bearing  as  many  as  nine 
flowers),  the  leaves  a  size  of  19  X  10  cm.  Most  of  the  speci- 
mens were,  however,  ifiuch  smaller,  though  usually  larger  and  with 
more  numerous  p>edicels  than  in  Dietrich's  material.  Farwell's 
specimens  {pU  18)  from  Michigan  have  smaller  flowers  (14-16  mm.). 
Pennsylvania:  Crum  Creek  near  Philadelphia,  June  7,  1870, 
/.  //.  Redfield  8187.  District  of  Columbia:  Washington.  June 
12, 1878.  /.  W.  Chickering,  Jr.  Ohio:  Springfield,  M.  G.  Williams. 
Illinois:  woody  bluffs  southeast  of  East  Carondelet,  September 
4,  1891,  £.  Douglas,  Wisconsin:  Racine,  September  11,  1879, 
y.  /.  Davis;  Kilboum,  August  15,  1892,  Mrs.  Wallace  (leaves 
'4  X  7.5  cm.,  broadly  elliptical,  very  obtuse).  Kentucky;  Bowl- 
ing Green,  June,  1899,  Sadie  F.  Price.  Missouri:  Woodlawn, 
September  19,  1878,  G.  Engelmann;  Hannibal,  May,  1906,  John 
Davis  12001;  St.  Louis,  July  or  August,  1891,  collt»ctor  unnamed. 
Nebraska:  Sargent's  Hill,  June.  1853,  F.  V.  Ilayden;  St.  Helena, 
T.  A.  Bruhin;  Lincoln,  August,  1889,  //.  /.  Webber.  Also  the 
following:  **A.  A.  M.,*'  June,  1858  (Herb.  Fritchey);  **from 
Niobrarah  River  to  Fort  Pierre,  June.  1859,  F.  V.  Ilayden 
(Re>Tiold*s  Expedition  to  the  headwaters  of  the  Missouri  and 
Yellowstone  Rivers). 

7.   Polygonatum  parviflorum  (Poir.)  Dietr. 
ConvaUaria  parviflora  Poir.  Encyc.  Suppl.  4:  29.     1816. 
Polygonatum  parviflorum  Dietr.;  Otto  &  Dietr.  Gartenz.  3:  222. 

1835. 

This  species  is  unidentified.     Its  description  is  as  follows: 

C.  folUfl  •utMeMilibut.  ovato-oblongis.  glabris;    pctlunculiA  axillaribut    bi-raro 
Uiilori*  minimi*. 

The  flowers  are  further  said  to  be  small,  white,  half  as  large  as 
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in  C  Polygonatum.  The  exact  features  of  this  plant  can  only  be 
determined  by  examination  of  the  original  specimen  in  the 
Desfontaine  herbarium,  in  Paris. 

8.  Polygonatum  cobrensis  (Wooton  &  Standley)  comb.  nov. 
Salomonia  cobrensis  Wooton  &  Standley,  Contrib.  U.  S.  Nat. 

Herb.  i6:  113.     1913. 

New  Mexico. 

Through  the  kindness  of  Mr.  William  R.  Maxon  of  the  National 
Herbarium  I  have  been  able  to  examine  the  type  spedmen,  which 
came  from  Copper  Mines,  Santa  Rita,  New  Mexico.  The  follow- 
ing specimen  (Plate  6,  B),  in  the  herbarium  of  the  Missouri 
Botanical  Garden,  came  from  a  neighboring  locality  and  shows 
still  better  the  features  of  this  species:  Pinos  Altos  Mountains, 
New  Mexico,  £.  L.  Greene,  May  21,  1880.  Dr.  Greene  referred 
this  specimen  to  the  European  P.  vulgare  Desf.  which  it  evidently 
resembles,  though  I  have  seen  no  specimens  of  the  latter  which 
approach  it  very  closely.  A  critical  comparison  should  be  made 
with  European  specimens.  The  species  most  resembles  P.  biflorum 
hebetifolium, 

9.   Polygonatum  ellipticum  Farwell 
Polygonatum  ellipticum  Farwell,  Bull.  Torrey  Club  42:  255.  pi. 

16,  B.     1915. 

This  species  was  based  on  material  collected  by  its  author  at 
Rochester,  Michigan,  in  June,  1914.  Since  I  have  seen  no  speci- 
mens I  am  unable  to  judge  of  its  status. 

Bxplanatlon  of  plates  4^-6 

Plate  4 
A.  Polygonatum  pubescens  australe  (Farwell)  Gates.     Photograph  of  a  specimen 
from  Purgatory  Swamp,  Westwood,  Massachusetts,  A.  H.  Moore.     B.  Polygonatum 
hijiorum  (Walt.)  Ell.     Photograph  of  a  specimen  in  the  Chapman  herbarium,  presum- 
ably representing  the  type  of  Convallaria  hijlora  Walt. 

Plate  5 
Polygonatum  hijiorum  hebetifolium  Gates.     A.  Photograph  of  a  type  specimen. 
B.  Photograph  of  a  specimen  from  Watson,  Missouri,  B.  F.  Bush  527. 

Plate  6 
A.  Polygonatum   commutatum  virginicum   (Greene)    Gates.      Photograph  of  a 
co-type  specimen  of  P.  virginicum  Greene.     B.  Polygonatum  cobrensis  (Wooton  & 
Standley)  Gates.     Photograph  of  a  specimen  collected  in  the  Pinos  Altos  Mountains, 
New  Mexico,  E.  L.  Greene. 
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Some  factors  influencing  the  prevalence  of  Endothia  gyrosa 

Nbil  E.  Stbvcns 
(with  FIVB  TKXT  WlGXmKS) 

Introduction 

The  distribution  of  the  American  species  of  Endothia  does  not 
coincide  with  that  of  their  hosts.  Range  maps  of  these  species 
made  by  Dr.  C.  L.  Shear  and  the  writer  as  the  result  of  two  years 
collecting,  show  that  Endothia  gyrosa  (Schw.)  Fries  is  abundant  in 
the  Southeastern  States  and  has  been  found  occasionally  as  far 
north  as  southern  Connecticut  and  western  New  York,  while  two 
of  its  hosts,  Fagus  and  QuercuSr  occur  several  hundred  miles  further 
north.  Endothia  fluens  (Sow.)  S.  &  S.,  which  is  common  on 
Castanea  and  Quercus  from  northern  Alabama  to  southern  Penn- 
sylvania, has  not  yet  been  found  north  of  this  region.  The 
territory  between  Virginia  and  southern  New  England  appears 
then  to  be  a  transition  region  for  these  fungi.  Examination  of 
these  maps  also  shows  that  Endothia  singularis  (H.  &  P.  Syd.) 
S.  &  S.  and  E,  fluens  occupy  fairly  well  defined  climatic  areas  and 
are  apparently  not  found  in  America  outside  these  areas.  Endothia 
gyrosa,  however,  while  abundant  only  in  the  Southeastern  States, 
has  been  found  in  Connecticut,  New  York,  Kansas,  Texas,  and 
on  the  Pacific  Coast. 

The  present  paper  deals  with  Endothia  gyrosa,  which  has  a 
much  wider  known  range  in  America  than  any  other  sF)ecies  of 
the  genus.  This  fungus  is  undoubtedly  indigenous,  having  first 
l)een  collected  by  Schweinitz  at  Salem,  North  Carolina,  nearly  a 
centur>'  ago,  and  previous  to  recent  work  had  been  collected  at 
various  times  in  the  following  widely  separated  localities:  Indiana, 
183!  (?),  Schweinitz;  Texas,  1H69,  RavcncI;  New  York,  1872,  G.  H'. 
Clinton;  Florida.  1886-87,  Calkins;  Mis^sissippi,  1887,  EarU; 
Kansas,  1887,  Swingle;  Louisiana,  1887,  Latiiihis;  New  Jers<*y, 
1892  (?),  Ellis. 

The  intensive  collecting  of  the  last  few  years  has  not  greatly 
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extended  the  range  of  Endothia  gyrosa  beyond  that  known  twenty- 
five  years  ago.  It  may  therefore  be  fairly  assumed  that  this 
fungus  has  reached  its  natural  limits  of  distribution  in  this  country 
and  that  the  present  range  is  determined  by  environmental  factors, 
in  contrast  to  fungi  which  have  been  recently  introduced  and  have 
therefore  not  yet  spread  throughout  the  region  suitable  for  their 
development. 

In  collaboration  with  Dr.  Shear  the  writer  has  prepared  a 
map  (Fig.  i),  which  gives  a  somewhat  more  accurate  idea  of  the 


Fig.  I.  Known  distribution  of  Endothia  gyrosa.  Cross  hatching  indicates 
area  in  which  the  fungus  is  known  to  be  abundant.  Dots  indicate  localities  where 
it  has  been  collected.  Map  prepared  by  the  writer  in  collaboration  with  Dr.  C.  L. 
Shear. 

distribution  of  Endothia  gyrosa  than  that  previously  published. 
The  cross  hatching  indicates  the  area  in  which  the  fungus  is 
known  to  be  abundant,  the  dots  outside  that  region  indicate 
localities  in  which  the  fungus  has  been  collected.  In  considering 
the  distribution  of  E.  gyrosa  the  problem  is  double,  for  the  fungus 
has  been  found  at  widely  separated  localities  hundreds  of  miles 
outside  the  region  in  which  it  is  common.  Conditions  under 
which  it  can  exist  are  not  then,  necessarily,  those  under  which  it 
will  become  abundant.     The  conditions  which  limit  the  occurrence 


Digitized  by 


Google 


Stevens:  Prevalenxe  of  Endothia  gyrosa  129 

of  this  fungus  have  not  yet  been  discovered.  The  following  notes 
indicate  certain  factors  which  seem  to  influence  its  prevalence 
within  its  present  range.  I^n  discussing  this  question  observations 
are  confined  to  the  eastern  half  of  the  United  States,  where  most 
of  the  collecting  was  done  and  where,  consequently,  the  distribu- 
tion of  the  species  is  fairly  accurately  known.  This  area  is  par- 
ticularly favorable  for  a  study  of  the  climatic  relations  of  fungi 
since,  as  Ward  (xx)  has  pointed  out,  it  constitutes  a  single  climatic 
subdivision  of  the  country. 

Inoculation  experiments 

In  connection  with  work  already  reported  (lo),  inoculations  of 
E,  fiyrosa,  E,  fluens  and  £.  fluens  mississippiensis  were  made  at 
various  points  from  Charlottesville,  Virginia,  to  Concord,  New 
Hampshire,  in  the  hope  that  data  might  be  obtained  concerning 
the  effect  of  climate  on  their  growth.  The  inoculations  were 
locattxl  at  points  chosen  for  their  availability  and  their  nearness 
to  Cnited  States  Weather  Bureau  Stations.  These  places  were 
\i&ited  every  five  or  six  weeks  during  the  summer  of  I914»  twice 
during  the  summer  of  1915,  and  once  in  May,  1916.  At  each 
xnsit  ten  or  more  new  inoculations  were  made  on  species  of  Quercus 
(sometimes  also  on  Fagus)  using  the  method  described  for  previous 
work  (8,  xo),  and  notes  were  made  on  the  condition  of  the  earlier 
inoculations.  Table  I  gives  a  brief  summary  of  the  results  of 
the  observations  on  7S.  gyrosa. 

The  results  of  these  inoculations  have  emphasized  four  facts, 
already  known.  Black  oaks  {ErythrobcUanus  S(>ach.)  are  much 
more  favorable  for  the  growth  of  E.  gyrosa  than  white  oaks 
{Lepidobalanus  Endl.).  £.  gyrosa  will  under  certain  conditions 
gnm'  and  winter  over  as  well  near  or  beyond  the  northeast  limits 
of  its  known  range  as  it  will  within  the  region  where  it  is  most 
abundant.  Water  supply  is  important  in  the  growth  of  the 
fungus.  The  condition  of  the  host  is  important;  this  may  be.  at 
least  in  part,  only  another  indication  of  the  importance  of  the 
water  supply,  as  obviously  the  water  necessary  for  growth  may  l)e 
supplied  by  the  host  or  by  the  atmosphere. 

An  e3camination  of  the  table  shows  that  Endothia  gyrosa  sur- 
vived the  winters  of  1914-1915  and  1915-1916  without  apparent 
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TABLE  I 


Locality 


Inoculations 
made 


Pycnidial  stromata  appeared 


Further  notes 


Charlottes- 
vUle.  Va. 


April  20  and 
May  21, 
1914. 


Fairfax,  Va. 


Frederick. 
Md. 


Woodstock, 
Md. 


Wilmington. 
Del. 


Hartford, 
Conn. 


Amherst, 
Mass. 

Williams-        I 
town,  Mass. 


April  21  and 
Aug.  I. 
1914. 


May  30, 
1914. 


May  30  and 
July  30. 
1914. 


July  6, 1914. 


July  15. 1914 
Sep.  24, 
1914. 


July  15.  1914 


July  14. 

Sept.  24, 
1914. & 
May  21, 
1915. 


Oct.  2,  191 4.  Abundant 
especially  on  tree  inocu- 
lated May,  1914. 


July,  1914,  a  few  pyc- 
nidia  on  the  injured  tissue 
above  the  inoculations  of 
April.  Oct.  24,  1914. 
fairly  abundant  and  well 
developed  on  inocula- 
tions of  both  dates. 
May  21,  1915. 


Oct.  19,  1914. 


Oct.  6,  1914. 


Sept.  23,  1914.  A  very 
few  stromata.  Aug.  18. 
1915,  large  weli-developed 
stromata. 


Sept.  24.  1914. 
Aug.  16.  1915. 


The  small  tree  on  which 
the  inoculations  of  May 
1914  were  made  died  dur- 
ing the  summer  from  par- 
tial girdling  at  the  time  of 
inoculation.  Apparently  as 
a  resjit  of  this  the  fungus 
developed  rapidly  and  pro- 
duced pycnidial  stromata 
for  a  distance  of  10-ia 
in.  above  the  point  of  in- 
oculation. 


There  was  no  evidence  of 
growth  from  these  inocula- 
tions during  the  summer  of 
1914.  Pycnidia,  however, 
appeared  on  one  branch  in 
the  spring  of  191 5. 

While  both  these  inocula- 
tions showed  considerable 
development  of  pycnidial 
stromata  they  were  less 
than  some  others  both 
further  north  and  further 
south. 

Large  well-developed 
stromata.  which  showed  no 
change  during  the  succeed- 
ing summer. 

In  this  case  stromata  de- 
veloped abundantly  during 
the  summer  of  191 5  from 
inoculatiom*  which  during 
the  summer  of  1914  showed 
only  a  few  scattering  stro- 
mata. 

This  inoculation  became 
contaminated  later  with 
Endothia  parasitica. 

The  small  oak  on  which 
the  inoculations  of  July 
191 4  were  made  was  killed 
by  the  cuts  and  bore  nu- 
merous larjfe  pycnidia  of 
this  fungus  during  the  sum- 
mer of  1915.  None  of  the 
inoculations  made  at  this 
point  produced  stromata 
durini;  the  summer  of  IQI  %, 
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TABLE   l'--C<mUnM€d 


Pycaidial  mtooimb  appaared 


Ccrcord, 
N.  H. 

ScpC  as.  1914 
M«y  IS. 

1915 

Auf. 

19. 

191S. 

StMtkmmoa 
N   Y, 

b  J       r.ooo 

June  13. 
1914. 

Aug. 

14. 

1915. 

C          1.500 

June  13  ft 
Sep.  30. 
1914. 

Auf. 

11. 

1915. 

06  1.500  June  II.  Jul.  May  2$,  1915.  From! 
t.  Aug.  la.  ,  inoculatioiisof  June,  1914; ' 
1914.  ■  and  Aug.  12.  1915.  from 

inoculations  of  Juiy  and  1 
Aug.  I9i4<  I 

O I      1.900      June  II.  Sept.  29.  1914* 

1914*  July  ■  j 

9.  1914. 


Fnrtbcr  notes 

Several  good  sized  pyo 
nidial  stromata  developed 
on  several  of  the  inocula- 
tions of  both  these  dates. 


Pycnidial  stromata  ap- 
peared from  one  inocula- 
tion during  the  summer  of 
191 5.  though  there  had 
been  no  evidence  of  de- 
velopment during  the  sum- 
mer of  1914* 

Abundant  large  pycnidial 
stromata  developed  during 
the  summer  of  191 5*  al- 
though none  had  developed 
during  the  summer  of  19 14. 


O4      j.too     July  9.  1914-      May  36,  191 5. 

I  ! 


These  showed  the  great- 
I  est    development    of    any 

-  stromata   of  E.  gyrosa  in 

-  the  entire  sciies  of  inocula- 
!  tions.  Abundant  pycnidial 
I  stromata  developed  ez- 
'  tending  1-6  in.  above  and 

below  the  cut  in  each  in- 
oculation     There  was  con- 

I  tinned  growth  but  no 
perithecia  had  developed 
up  to  May  1916. 

I     Numerous  stromata  de- 


veloped well  beyond  the 
cut  and  extending  for  a 
foot  or  more  above  and  be- 
low the  place  of  inocula- 
tion. These  were  alive  and 
in  good  condition  May 
1916.  but  had  produced 
I        ■  no  perithecia.  

AL  chr  laocolatioos  listed  above  as  having  developed  pycnidial  stromata  were 
•kw  la  May.  1916.  bat  no  peritbeda  had  developed. 

njury  m  the  nioet  northern  localities  at  which  inoculations  were 
«*de,  i.  e,,  Wlllianigtown,  Massachusetts,  and  Concord,  New 
Hampahire.  and  at  an  elevation  of  2,800  feet  on  Ov^erlook  Moun- 
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tain.  Its  growth  in  these  localities  was  nearly,  if  not  quite,  equal 
to  that  at  more  southern  points. 

The  effect  of  abundant  moisture  is  readily  seen  from  the  fact 
that  at  Concord,  Williamstown,  and  two  stations,  S  3  and  C,  on 
Overlook  Mountain,  stromata  developed  in  1915  from  inoculations 
which  had  shown  no  growth  in  1914;  as  well  as  by  the  fact  that  at 
Hartford,  Connecticut,  stromata  developed  abundantly  during  the 
summer  of  1915  from  inoculations  which  during  the  summer  of 

1 914  showed  only  a  few  scattered  stromata.  As  the  weather 
conditions  of  the  two  summers  in  these  localities  have  been 
discussed  in  detail  by  the  writer  elsewhere  (10)  it  may  merely  be 
stated  here  that  there  was  little  difference  in  the  temperature 
but  that  the  rainfall  of  1914  was  much  below  normal;    that  of 

1 91 5  well  above  normal. 

The  importance  of  the  condition  of  the  host  in  the  grow^th  of 
Endothia  gyrosa  was  best  seen  at  Charlottesville,  Virginia,*  where 
the  small  tree  which  was  inoculated  gradually  died  from  the  efifect 
of  the  cuts  and  the  fungus  developed  rapidly  and  produced  stro- 
mata for  a  considerable  distance  above  and  below  the  point  of 
inoculation.  The  growth  of  the  fungus  on  this  tree  was  much 
greater  than  that  on  any  of  the  trees  which  survived  the  wounds 
made  by  inoculations.  The  peculiar  relations  between  this  fungus 
and  its  host  have  been  referred  to  elsewhere  (8).  In  general  it  has 
been  observed  that  tissue  injured  by  cuts  or  bruises  in  such  a  way 
that  it  does  not  dry  out  immediately  but  remains  in  a  living  condi- 
tion for  some  time  is  the  most  favorable  place  for  the  development 
of  this  fungus.  Such  a  condition  is  found  on  the  stubs  of  cut 
limbs,  on  bruised  or  broken  trunks,  and  especially  on  exposed 
roots  which  have  been  injured  by  tramping  of  cattle  or  by  other 
means.  This  habit  of  the  fungus  seems  to  materially  affect  its 
distribution. 

Climatic  relations 

Temperature. — ^The  range  of  temperature  favorable  for  the 
growth  of  E,  gyrosa  in  artificial  media  seems  to  be  almost  identical 
with  that  of  E,  parasitica  (8).  The  writer  has  recently  demon- 
strated (10)  that  during  the  years  ending  in  May  and  August, 

♦  The  inoculations  and  some  of  the  obser  vations  at  this  point  were  made  by 
G.  F.  Gravatt. 
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191 5,  Endoihia  parasUica  made  almost  twice  the  lateral  growth 
on  Castarua  deniata  in  Virginia  that  it  made  in  New  England. 
This  difference  in  growth  is  closely  correlated  with  the  difference 
in  temperature  of  the  two  regions.  It  seems  very  probable, 
therefore,  that  the  more  favorable  temperature  of  the  Southern 
States  favors  the  more  abundant  growth  of  £.  gyrosa  in  that  region. 

A  comparison  of  the  map  (Fig.  i)  of  the  distribution  of  E. 
gyrosa  with  climatic  maps  shows  certain  general  correlations. 
Much  of  the  region  where  E.  gyrosa  is  most  abundant  lies  south 
of  the  isotherm  of  6,000  temperature  summation  and  the  closely 
similar  isotherm  of  600  temperature  efficiency  as  calculated  by 
the  Livingstons  (7).  Much  of  the  region  where  E.  gyrosa  is  most 
abundant  lies  within  or  south  of  the  area  of  eight  months  (April 
to  November)  vegetation,  as  mapped  by  Zon  (xa). 

It  is  significant,  however,  that  the  area  in  which  E.  gyrosa  is 
abundant  does  not  agree  closely  with  any  of  these  lines.  The 
fungus  is  abundant  considerably  north  of  the  line  of  600  tempera- 
ture efficiency  in  Kentucky  and  southern  Indiana  but  falls  far 
short  of  this  isotherm  in  eastern  Virginia.  The  same  relation 
exists  between  the  area  in  which  E,  gyrosa  is  abundant  and  the 
isotherm  10,000  as  given  by  Livingston  (6)  in  his  chart  based  on 
physiological  summation  indices  of  temperature  efficiency  for 
plant  growth  (6,  /.  2).  Similarly,  the  northern  limit  of  the  area 
of  abundance  coincides  closely  with  the  limit  of  eight  months 
vegetation  in  Virginia,  but  runs  well  toward  the  middle  of  the  area 
of  seven  months  vegetation  in  Kentucky  and  Indiana.  Moreover, 
ms  has  been  stated  above,  the  temperature  of  New  England  in  the 
region  of  six  months  vegetation  is  evidently  sufficient  for  the 
growth  of  E.  gyrosa  under  some  circumstances. 

On  the  other  hand,  Endothia  gyrosa  is  not  perceptibly  more 
abundant  in  the  areas  of  nine  to  twelve  months  vegetation,  i.  e., 
southern  Mississippi,  Alabama,  and  Florida,  than  it  is  in  certain 
portions  of  the  area  of  seven  months  vegetation,  i.  e.,  Kentucky 
and  southern  Indiana.  It  would  seem  then  that  temperature 
alone  is  not  very  significant  in  determining  the  abundance  of  this 
fungus. 

Predpitaiion. — One  of  the  most  imi)ortant  climatic  factors 
influencing  the  abundance  of  £.  gyrosa  in  the  Southern  States  is 
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probably  the  greater  rainfall,  especially  during  the  growing  season* 
The  rainfall  of  the  eastern  United  States  during  the  growing  season 
is  given  by  Henry  (5).  In  general,  the  area  where  E.  gyrosa  is 
abundant  is  largely  in  or  south  of  the  region  of  twenty- five  inches 
rainfall,  April  to  September,  inclusive.  An  exception  to  this  is 
found  in  Tennessee,  Kentucky  and  southern  Indiana,  which  are 
well  outside  the  area  of  twenty-five  inches  rainfall,  but  where  E, 
gyrosa  is  fully  as  abundant  as  in  the  region  of  over  thirty  inches 
rainfall. 

The  striking  fact  has  recently  been  pointed  out  by  Ward  (xx), 
that  in  the  eastern  United  States  no  sudden  changes  in  climate  are 
met  with  in  going  frpm  north  to  south,  but  the  transitions  are 
everywhere  slow  and  gradual.  On  the  other  hand,  there  is  a 
fairly  definite  line  of  demarcation  between  the  area  in  which  E, 
gyrosa  is  abundant  and  the  area  where  it  is  rare.  This  seems  to 
indicate  that  factors  other  than  temperature  and  rainfall  markedly 
affect  the  prevalence  of  this  fungus. 

That  E,  gyrosa  is  abundant  in  southern  Indiana  where  the 
climate  is  both  drier  and  cooler  than  in  most  regions  where  the 
fungus  is  commonly  found,  seems  to  be  due  to  greater  opportunity 
for  infection.  As  has  been  pointed  out  in  an  earlier  paper  (8), 
southern  Indiana  is  a  stock-raising  region  where  pastures  contain- 
ing beech  trees  are  numerous.  Nearly  all  of  the  collections  of  E, 
gyrosa  in  this  region  were  found  in  such  pastures  on  the  roots  of 
beech  which  had  been  injured  by  cattle.  The  importance  of  such 
opportunity  for  infection  is  emphasized  by  the  condition  found 
at  Columbiana,  Ohio,  in  June,  191 3.  This  locality  is  several 
hundred  miles  outside  the  area  in  which  E,  gyrosa  is  commonly 
found  in  abundance,  yet  in  a  single  pasture  where  there  were 
from  fifteen  to  twenty  large  beech  trees  many  of  whose  roots  were 
exposed  and  had  been  injured  by  trampling  of  cattle,  the  writer 
found  this  fungus  abundant  in  more  than  twenty  small  patches. 

Opportunity  for  infpxtion 
Field  observations  have  convinced  the  writer  that  opportunity 
for  the  infection  of  its  hosts  is  of  the  greatest  importance  in  deter- 
mining the  prevalence  of  E.  gyrosa  and  that  the  greater  abundance 
of  E.  gyrosa  in  the  southern  states  is  largely  accounted  for  by  the 
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greater  opportunity  for  infection  in  that  region,  aided  by  more 
favorable  temperature  and  more  abundant  rainfall.  Other  things 
being  equal,  the  more  frequent  the  occurrence  of  places  favorable 
for  its  growth  the  more  abundant  a  fungus  will  become.  This 
process  is  cumulative,  for  the  more  prevalent  a  fungus  the  more 
completely  it  will  occupy  the  available  places  of  infection. 

Greater  opportunity  for  infection  in  the  south  is  due  to  the 
greater  number  of  host  species  and  to  the  greater  importance  of 
these  species  relative  to  other  trees.  And  especially  to  greater 
opportunity  for  the  infection  of  individual  hosts  from  injuries  due 
to  different  climatic,  soil  and  cultural  conditions. 

Host  relations 

Endothia  gyrosa  is  found  commonly  in  the  United  States  on 
hosts  of  four  genera:  Castanea,  Fagus,  Liquidambar,  and  Quercus 
— least  abundantly  on  Castanea,  most  abundantly  on  Quercus — 
the  collections  made  in  the  work  already  referred  to  (8)  l>eing  in 
the  following  numbers:  Castanea,  i8;  Fagus,  47;  Liquidamhar, 
49;  Quercus,  158.  Actually  the  fungus  is  much  less  fretjuent  on 
Casianea  than  is  indicated  by  these  figures,  since  the  eighteen 
collections  represent  all  the  cases  in  which  £.  gyrosa  was  found  on 
Castanea,  while  the  numl)er  of  collections  on  the  other  hosts 
represent  simply  a  few  specimens  from  each  locality  visited  and 
could  have  been  increased  many  times. 

Endothia  gyrosa  has  l>een  collectetl  by  Dr.  Shear  and  the  writer 
on  the  following  species  of  Quercus:  Q.  alba  L.,  Q,  coccinea  Muench., 
Q.  digitata  (Marsh.)  Sudworth,  ().  georgiana  Curtis,  Q,  imbricaria 
Michx.,  Q,  tnarHandica  Muench.,  ().  nigra  L.,  Q.  phellos  L.,  Q, 
Prinus  L.,  Q,  rubra  L.,  Q.  velutina  I^m.,  Q.  virginiana  Mill. 
From  the  first,  however,  it  was  obvious  that  the  fungus  was  more 
abundant  on  the  various  species  of  black  oaks  than  on  the  six.h  ies 
belonging  to  the  white  oak  section  of  the  genus.  Of  the  158 
specimens  from  all  parts  of  the  United  States  which  were  cc)IK*rte<l, 
eighty  are  known  to  be  on  sf)ecies  of  black  oak,  nineteen  on  s[Hvies 
of  white  oak.  The  specimens,  for  which  the  host  sjkh  ie^  is  not 
given,  are  apparently  divided  in  alxmt  the  siime  ratio.  The>e 
unidentified  specimens  are  chiefly  from  the  southern  btates  \shere 
the  collecting  was  done  largely  in  midwinter. 
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Ranges  of  host  species 
The  maps,  Figs.  2-4,  show  the  ranges  of  the  various  host 
species:  Fig.  2,  the  ranges  of  Castanea,  Liguidambar  and  Fdgus; 
Figs.  3  and  4,  the  ranges  of  the  species  of  Quercus  on  which  E. 


d 


Fic.  2.     Ranges   of    Fagus   grandifolia,    Castanea   denUUa,    and    Liquidcmbtr 
Slyracijlua  in  the  United  SUtes.     Map  prepared  by  W.  H.  Lamb.  United  Statef 

Forest  Service. 

gyrosa  is  known  to  occur.  A  comparison  of  the  range  maps  shows 
that  certain  of  the  host  species,  i.  e.,  Castanea  dentata,  Fagus 
grandifolia,  Quercus  alba,  Q.  coccinea,  Q.  falcata,  Q,  Prinus,  Q. 
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rubra,  and  Q.  vduHna,  extend  well  beyond  the  known  range  of 
£•  gyrosa. 

In  considering  the  prevalence  of  a  fungus,  however,  not  only 
the  occurrence  of  its  hosts,  but  their  relative  abundance  must  be 
considered.  In  general,  a  fungus  will  be  more  abundant  in  a  given 
locality  the  more  numerous  are  the  favorable  hosts.  The  fact  is 
generally  recognized  in  horticultural  practice  that  an  isolated 
plantation  is  more  likely  to  escape  disease  than  one  close  to  other 
similar  plantations.  It  .is  to  be  expected  then  that  E.  gyrosa 
would  be  found  most  abundantly  where  its  favorite  hosts  are  most 
numerous,  and  this  is  actually  the  case. 

Forest  regions 

A  glance  at  the  map  of  the  forest  regions  of  the  United  States 
issued  by  the  Forest  Service  shows  that  the  region  in  which  E. 
gyrosa  is  most  abundant  comprises  the  southern  forest  and  portions 
of  the  central  forest.  The  following  brief  descriptions  of  the  three 
forest  regions  under  consideration  are  taken  from  the  Forest 
Service  map  of  the  "Forest  Region  of  the  United  States,"  issued 
in  1910: 

Northern  forest  (northern  portion) :  White,  red  and  jack  pines, 
spruces,  firs  (balsam),  poplars  and  aspens,  birches,  tamarack. 

(Southeastern  portion) :  Maples,  beech,  birches,  aspen,  chest- 
nut, white,  red,  and  scrub  pines,  spruces,  fir  (balsam),  hemlocks, 
tamarack,  arbor-vitae. 

Central  forest.  White,  black  and  red  oaks,  hickories,  chestnut, 
walnut,  and  butternut,  yellow  poplar,  cherry,  ashes,  elms,  maples, 
beech,  locust,  buckeyes,  cottonwood. 

Southern  forest.  Yellow  pines,  white,  live,  red,  and  black  oaks, 
hickories,  cypresses,  white  cedar,  juniper,  red  and  tupelo  gums, 
magnolias,  bays,  elms,  hollies,  ashes. 

In  both  the  forest  regions  in  which  E,  gyrosa  is  abundant,  its 
favorite  hosts,  white,  black  and  red  oaks  {Quercus  spp.),  together 
with  beech  (Fagus),  in  the  central  forest,  and  red  gum  {Liquidam* 
bar)  in  the  southern,  are  included  among  the  charactenstic  species. 

In  the  northern  forest  beech  is  the  only  host  of  E.  gyrosa 
mentioned  among  the  characteristic  trees,  and  even  biH.'ch  only 
in  the  southern  portion.     It  is  evident  then  that  though  Mveral 
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Fig.  3.  Ranges  of  several  species  of  Quercus  in  the  United  States.  Map  pre- 
pared by  W.  H.  Lamb. 

of  the  host  species  of  E,  gyrosa  extend  considerably  north  of  the 
region  where  this  fungus  has  been  found  they  no  longer  predomi- 
nate. 

The  relative  importance  of  hosts  of  E.  gyrosa  among  the  nor- 
thern hardwoods  is  well  brought  out  in  a  recent  report  by  Froth- 
ingham  (3,  p.  6),  in  which  the  species  comprising  the  northern 
hardwood  forest  are  grouped  according  to  their  prevalence  as 
characteristic,  locally  characteristic,  or  occasional.  Of  the  hosts 
of  E,  gyrosa  only  beech  appears  among  the  characteristic  and  only 
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Fic  4.  Rans««  of  several  other  species  of  Qucrcni  in  the  United  Sutes.  Map 
prepared  by  W.  H.  Lamb. 

red  oak  among  the  locally  characteristic  species.  It  is  suggestive 
that  in  only  one  locality,  Central  Michigan,  has  £.  gyrosa  been 
found  in  the  northern  forest,  especially  as  that  region  in  New 
York,  Pennsylvania,  Maryland,  and  adjoining  portions  of  West 
Virginia  has  been  the  scene  of  much  recent  collecting  in  connection 
with  work  on  chestnut  blight.  There  seems  to  be  no  climatic 
reason  why  £.  gyrosa  should  not  occur  on  beech  in  the  northern 
states  of  New  England,  and  the  writer  believes  it  may  yet  be 
found  there.     Host  relations  alone  would,  however,  prevent  its 

becoming  prevalent. 

Soil  relations 

Within  the  Central  and  Southern  Forest  Regions  where  its 
hosts  are  abundant,  the  relative  amount  of  opjx)rtunity  for  infec- 
tion is  greatly  influenced  by  soil  and  cultural  conditions.  As  has 
already  been  mentioned,  exposed  and  injured  roots  of  Fagus  and 
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Quercus  are  by  far  the  most  favorable  places  for  infection  of  JE. 
gyrosa.  In  the  southern  states  climatic  and  cultural  condidoiiB 
combine  to  make  such  exposed  roots  very  much  more  common 
than  in  the  northern  states. 

Erosion 

The  difference  in  soil  erosion  alone  would  largely  account  for 

the  much  greater  abundance  of  exposed  roots  in  the  south.    While 

no  accurate  data  as  to  the  relative  erosion  in  various  parts  of  the 

country  are  at  hand,  a  review  of  the  literature  of  the  subject 


Fig.  5.    Forest  regions  of  the  eastern  United  States.     Map  supplied  by  United 
States  Forest  Service. 

shows  clearly  that  in  the  states  of  Virginia,  Kentucky,  Tennessee, 
North  and  South  Carolina,  Alabama,  Georgia,  Louisiana,  and 
Arkansas  soil  erosion  is  a  serious  problem.  Davis  in  a  recent 
review  (2)  of  the  subject  calls  attention  to  the  fact  that  throughout 
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the  south  eroeion  is  worse  than  in  other  sections  of  the  country 
and  suggests  that  "it  is  probable  that  the  climate  has  much  to  do 
with  the  fact  that  erosion  is  so  rapid  in  the  south.  The  character 
of  the  soil  makes  a  marked  difference  in  the  rates  of  erosion  under 
the  same  climatic  conditions.'* 

Snow-cover 

The  abundant  rainfall  of  the  southern  states,  already  referred 
to,  no  doubt  greatly  increases  erosion.  Perhaps  equally  important 
is  the  amount  of  snowfall,  or  rather  the  persistence  of  snow-cover, 
since  the  longer  the  period  during  which  the  ground  is  covered 
with  snow,  the  shorter  the  period  of  soil  erosion. 

The  snowfall  data  of  the  U.  S.  Weather  Bureau  are  not  so 
arranged  as  to  show  readily  the  period  each  year  for  which  the 
ground  is  covered  with  snow  in  any  given  locality.  Recently, 
hou'ever,  Brooks  published  a  discussion  (i)  of  the  snowfall  of 
the  eastern  United  States  in  which  he  reviewed  the  previous  work 
on  the  subject  and  summarized  the  available  data.  Brooks  also 
maps  the  average  snowfall  for  each  month,  the  average  annual 
snowfall  in  inches,  and  the  average  annual  number  of  snowfall 
days  in  the  eastern  United  States.  From  these  maps  it  is  possible 
to  get  a  fairly  good  idea  of  the  duration  of  snow-cover  in  various 
parts  of  the  region  under  consideration. 

While  the  total  amount  of  snowfall  does  not  necessarily  corre- 
spond with  duration  of  snow-cover,  in  general  those  regions  which 
have  most  snow  have  the  longest  periods  of  frozen  and  gnow  covered 
ground,  and  the  shortest  periods  in  which  erosion  is  possible. 
Certainly  soil  in  the  region  which  has  an  average  of  over  twenty 
inches  annual  snowfall  and  one  inch  as  early  as  November  is  more 
protected  than  that  south  of  this  region.  Longer  snow -cover 
alone  would  greatly  reduce  the  amount  of  erosion  in  the  northern 
states  as  compared  with  that  in  the  south.  Greater  erosion  means 
necessarily  more  exposed  roots  and  consequently  more  frequent 
opporttmity  for  infection  with  £.  gyrosa. 

Cultural  conditions 
The  contrast  between   the  cultural  conditions  of  the  north 
aind  south  has  been  frequently  noted  (4,  9).    The  relation  of  cul- 
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tural  conditions  to  erosion  is  aptly  described  by  Spillman  (9,  p.  260) 
as  follows: 

The  northern  half  of  the  country  has  always  been  more  or  less  covered  "with 
various  grasses.  These  have  prevented  soil  erosion  except  in  small  isolated  areas; 
but  in  the  South  where  a  single-crop  system  with  clean  culture  has  been  the  rule, 
and  where  in  consequence,  the  soils  have  been  left  bare  during  the  winter,  soil  erosion 
has  been  an  important  factor,  V»pecially  where  the  land  is  more  or  less  rolling  or  hilly* 

The  effect  of  the  cattle  industry  in  increasing  the  opportunity 
for  infection  and  thus  in  all  probability  the  abundance  of  the 
fungus  in  southern  Indiana  and  Ohio  has  already  been  mentioned. 
And  from  the  beginning  of  our  collecting,  the  unfenced  public 
squares  of  the  southern  towns  where  stock  is  permitted  to  graze 
have  proven  most  favorable  localities  for  the  growth  of  Endothia 
gyrosa. 

In  brief,  the  writer  believes  that  while  the  occurrence  of  jE. 
gyrosa  may  be  limited  by  climatic  factors  which  are  not  yet  deter- 
mined, its  prevalence  in  the  southeastern  states  is  caused  by  the 
great  opportunities  for  infection  in  that  region,  due  to  the  com- 
bined influence  of  host,  soil,  climatic  and  cultural  conditions. 

Summary 

Endothia  gyrosa,  which  has  a  wider  known  range  in  America 
than  any  other  species  of  the  genus,  is  undoubtedly  indigenous, 
having  first  been  collected  by  Schweinitz  nearly  a  century  ago. 

Although  found  in  widely  separated  localities  in  the  United 
States  it  is  abundant  only  in  the  Southeastern  States.  Range 
maps  of  this  and  other  American  species  of  Endothia  based  on  two 
years'  collecting  by  Dr.  C.  L.  Shear  and  the  writer  have  already 
been  published. 

Inoculation  experiments  conducted  in  1914  and  1915  showed 
that  E,  gyrosa  would  under  certain  conditions  grow  and  winter 
over  beyond  the  northeastern  limits  of  its  known  range  as  well 
as  within  the  region  where  it  is  abundant. 

These  inoculation  experiments  emphasized  the  importance  of 
the  water  supply  and  of  the  condition  of  the  host  in  the  growth  of 
the  fungus. 

E.  gyrosa  grows  most  readily  on  injured  tissue  which  does  not 
dry  out  immediately  but  remains  living  for  some  time,  such  as 
stubs  of  cut  limbs  or  injured  roots. 
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The  temperature  of  the  Southern  States  is  undoubtedly  more 
favorable  for  the  growth  of  E.  gyrosa  than  that  of  the  states  farther 
north. 

The  northern  boundary  of  the  region  where  this  fungus  is 
abundant  does  not,  however,  agree  closely  with  that  of  any  of 
the  temperature  regions. 

It  is  not  perceptibly  more  abundant  in  the  areas  of  nine  to 
twelve  months  vegetation  than  it  is  in  areas  of  seven  months 
vegetation. 

Much  of  the  area  where  £.  gyrosa  is  abundant  is  in  or  south 
of  the  region  of  25  inches  rainfall,  April  to  September,  inclusive. 
It  is,  however,  very  abundant  in  Tennessee,  Kentucky,  and 
Indiana,  where  the  rainfall  is  less  than  25  inches  for  this  period. 

Although  there  are  no  sudden  changes  in  climate  in  going  from 
north  to  south  in  the  eastern  United  States,  there  is  a  fairly 
definite  division  into  an  area  where  £.  gyrosa  is  abundant  and  an 
area  where  it  is  rare. 

This  seems  to  indicate  that  factors  other  than  climate  affect 
the  prex'alence  of  this  fungus. 

The  chief  factor  in  the  greater  abundance  of  E,  gyrosa  seems  to 
be  increased  opportunity  for  infection. 

Opportunity  for  infection  is  much  greater  in  the  Southern 
States  than  in  the  Northern  because  of  the  larger  number  of  host 
species  and  their  greater  importance  relative  to  other  species. 

Opportunity  for  infection  is  still  further  increased  by  the  soil 

and  cultural  conditions  which  ^rause  greater  erosion  and  leave 

large  numbers  of  roots  of  Fagus  and  Qutrctis  exposed  and  subject 

to  injury. 

Bi*mxAU  or  Plant  Indistry. 
Washington,  D.  C. 
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An  annotated  list  of  the  forest  trees  of  the  Hawaiian  Archipelago 

Vauchan  MacCaughbt 

The  following  material  has  been  prepared  as  a  compact  and 
convenient  check  list  to  the  Hawaiian  arborescent  flora.  The 
forests  of  the  Hawaiian  Islands  are  remarkable  for  the  high  per- 
centage  of  endemic  forms.  Endemism  is  indicated  in  the  following 
list  by  an  asterisk  (*)  before  the  name.  A  second  symbol  (t) 
indicates  that  a  species  was  undoubtedly  introduced  by  the 
aboriginal  Hawaiians  from  the  South  Pacific  and  has  become 
naturalized.  The  data  for  each  species  include  the  scientific 
name;  the  Hawaiian  and  English  names  if  such  be  possessed  by  the 
species;  the  islands  of  the  group  on  which  the  species  has  been 
recorded;  the  vertical  range  of  the  species;  its  general  ecologic 
status*  xero-,  meso-  or  hygrophytic;  and  its  usual  stature. 

It  must  be  noted  that  many  of  the  Hawaiian  species  are  ex- 
ceedingly variable,  and  are  not  yet  thoroughly  known  from  the 
taxonomic  standpoint.  Furthermore,  this  variability  also  expresses 
itself  in  the  stature  of  the  plant,  which  in  some  instances  ranges  from 
a  prostate  vine  to  a  tree  of  eighty  to  one  hundred  ft.  Many  of  the 
Hawaiian  trees  also  occur  commonly  as  tall  shrubs;  in  many  in- 
stances the  shrub  habit  is  more  prevalent  than  the  arborescent 
habit.  Considerable  latitude  must  also  be  given  in  the  matter  of 
vertical  range,  for  the  islands  vary  greatly  in  elevation,  as  shown 
by  the  following  figures:  Ni'i-hau,  1,300  ft.  Kau-a*i,  5,250  ft. 
Oahu:  Ka-ala,  4,030  ft.,  Kona-hua-nui,  3,105  ft.  Molokai: 
Kama-kou,  4,958  ft.,  Mauna  Loa,  1,382  ft.  Maui:  West  Maui, 
5J88  ft.,  Hale-a-ka-la,  10,032  ft.  Lanai,  3.400  ft.  Hawaii: 
Kohala,  5489  ft.,  Mauna  Kea,  13,825  ft.;  Mauna  Loa,  13,675  ft., 
Hu-ala-lai,  8,269  ft.,  Kilauea,  4,000  ft.  A  given  species  will 
occupy  various  altitudes  on  different  islands,  and  in  different 
mountain  ranges,  as  compatible  with  its  ecologic  requirements. 

The  forest  flora  of  the  Hawaiian  Islands  has  l>een  explored  by 
a  long  series  of  investigators  and  collectors,  and  the  present 
list  embodies  the  results  of  nearly  a  century  and  a  half  of  botanic 
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research.     Some  of  the  important  workers  have  been:  Nelson, 

1778;  Menzies,  1792-4;  Chamisso,  18 16;  botanists  of  the  United 

States  Exploring  Expedition,  1840;  Seeman,  1848;  Remy,  1853; 

Mann  and  Brigham,  1864-65;  Wawra,  1869;  Hillebrand,  1888; 

Heller,  1896;  and  Forbes  and  Rock  in  recent  years. 

In  the  present  list  the  nomenclature  of  Engler  and  PrantI  is 

generally  followed,  and  all  available  data  have  been  incorporated. 

This  is  the  first  time  that  a  comprehensive  and  concise  check  list 

of  this  character  has  been  prepared,  covering  the  Hawaiian  forest 

trees. 

cyatheacae 

♦i.  CiBOTiUM  Menzirsii  Hook.    Hapu  t't'i  01   Hei'i;  Greater  Tree-Fem;   all 

islands;  2,000-6,500  ft.;  bydrophytic;  25-40  ft.;  trunks  fibrous  and  spongy, 

used  for  corduroy  roads,  etc. 
♦2.  CiBOTiuM  Chamissoi  Kaulf.    Hapu;  Lesser  Tree-Fern;  all  islands;   1,500- 

6,500  ft.;  bydro-  and  mesopbytic;  12-25  ft.;  trunk  as  in  tbe  preceding. 
♦3.  CiBOTiUM  GLAUCUM  Hook.  &  Am.  Glaucous  Tree-Fern;  Hapu;  all  islands, 

rare;  elevation  and  ecology  as  for  C.  Chamissoi;  10-20  ft. 

PANDANACEAE 
t4-  Pandanus  odoratissimus  L.    Hala  or  Lau-Hala;  Pandanus,  Screw-Pine; 
all  islands;  sea-level  to  2,000  ft.;  mesopbytic;  15-25  ft.;  leaves  and  fruit  used 
by  natives;  widely  distributed  tbroughout  tbe  Old  World  tropics,  tbe  islands 
of  the  Pacific,  and  most  abundant  in  Malaysia. 

PALMAE 

♦5.  Pritchardia.  Loulu;  Hawaiian  Fan  Palm;  all  islands,  including  Niboa 
and  Laysan;  sea-level  to  4,500  ft.;  bygropbytic,  rarely  semi-xeropbytic; 
8-40  ft. ;  there  are  at  least  two  well  defined  species,  P.  Gaudichaudii  H.  Wendl., 
and  P.  Martii  H.  Wendl.;  there  are  a  number  of  other  forms,  some  of  which 
will  probably  merit  specific  status  when  the  genus  has  been  fully  investigated. 

t6.  Cocos  NUCiFERA  L.  Coconut  Palm;  Niu;  all  islands;  littoral  and  lower 
valleys;  40-100  ft.;  mesopbytic;  this  is  the  northern  limit  of  tbe  coconut  palm 
in  the  Pacific;  it  occurs  in  many  tropical  regions  and  islands,  particularly 
in  tropical  America  and  the  Pacific. 

LILIACEAE 
♦7.  Dracaena  aurea  Mann.  Hala-pepe;  all  islands;  1,000-2,000  ft.;  xeropbytic: 
20-40  ft.;  wood  very  soft  and  white. 

ULMACEAE 

8.  Trema  AMBOiNENSis  (Willd.)  Blume.     Oahu  and  Molokai  only;  1.000-3,000  ft.; 

mesopbytic;  20-30  ft.;  very  rare;  abundant  on  many  of  the  islands  of  the 
Pacific,  particularly  in  the  South  Pacific. 

MORACEAE 

9.  Pseudomorus  Brunoniana  (Endl.)  Bureau.    Ai-ai;  Hawaiian  False  Mulberry ; 

all  islands;  1,000-3,000  ft.;  xeropbytic;  20-40  ft.;  wood  hard  and  durable,  like 
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oak;  occun  aUo  in  the  Auftralaslan  region  and  was  first  found  on  Norfolk 
Island, 
tio.  Abtocarpus  iNCtsA  (Thunb.)  Forst.  Ulu;  Bread-Fruit;  all  islands,  lowlands 
and  valleys,  never  wild ;  mesophytic;  30-60  ft. ;  meso-  to  hygrophytic;  seedless; 
widely  cultivated  in  the  tropical  regions  of  the  Old  World,  particularly  in 
tropical  Asia  and  Polynesia. 

URTICACEAE 
*t  t.  UasaA  SAKDViCBmns  Wedd.     0-puht;  all  islands;  800-5.000  ft. ;  meso-  to  hygro- 
phytic; 10-35  ft-,  often  shrubby;  a  valuable  fiber  plant  in  former  times. 
13.  PirrvKUS  ALBIDUS  (Hook.  &  Arn.)  Gray.     Ma-maJu:  all  islands;  1.000-4,000 
ft.;  meto-  to  hygrophytic;  9-30  ft.,  usually  small  and  shrubby;  another 
valuable  fiber  plant  in  native  days;  reported  also  from  Tahiti. 

SANTALACEAE 
•13.  Saktalum    FasYciNmANVii    Gaud.     Ili-uhi;    Hawaiian    Sandalwood;    all 

islands;  sea-level  to  6.000  ft.;  xero-  to  mesophytic,  usually  the  former; 

highly  variable.  6-50  ft.;  this  and  the  following  species  furnished  the  Hawaiian 

sandalwood  of  commerce. 
•14.  Saktalum  bllipticvm  Gaud.     //i-oAi;  Kauai  and  Oahu  only;  600-1.800  ft.; 

mesophytic;  18-30  ft. 
•15.  Saktalum  ptkularium  Gray.    Ili-aki;  Kauai  only;  3.000-4.000  ft.;  meso- 

and  hygrophytic;  35-40  ft. 
*t6.  Samtalum  ualcakalas  Hillebd.     Jli-uMi;  Mount  Hale»a-ka-la.  Maui,  only; 

7,000-10.000  ft,;  xerophytic;  15-25  ft. 

AMARANTACEAE 
*I7.  CRAaPKNTiEKA  OVOVATA  Gaud.     Pa-pdc;  all  islands;  1,000-4.000  ft.;  mcso- 

and  hjTgrophytic;  15-3S  ft. 
•18.  NoTOTEiCHnrti  SANDWiCBNSB  (Gray)  Hillebd.;  Ku-lui;  all  islands;  1.000-3.000 

ft.;  xerophytic;  8-ao  ft. 

NYCTAGINACEAE 
*t9.  PnoKiA  iTMBKLLiFKaA  (Forst.)  Seem.     Pa-pda  ke-pau;  all  islands;  loo-a.ooo 

ft,;  hygrophytic;  15-30  ft.;  wood  soft  and  spongy. 
*3o.  PtfiOhOA  SANDWiCBNSis  Hillebd.     Pa-pala  ke-pau  or  Aulu:  all  iiJands;  1.500- 
3.000  ft.;  xerophytic:  40-60  It. 
31.  PtsoNiA  XNBRMis  Forst.     Pa-pcla  kt'Pau;  Molokai  to  Hawaii;  2,000  -4.500  ft.; 
xerophytic;  15-18  ft.;  occurs  in  India.  Malaysia,  and  the  islands  of  the  South 
Pacific. 

LAURACEAE 

•33.  Cbtftocabva  Mannu  Hillebd.     Holio:  Kauai  and  Waianae  Range  of  Oahu 
only;  3.500-4.000  ft.;  meso-  to  xerophytic.  intolerant;  18-30  ft. 

SAXIFRAGACEAE 
*33.  BbouwAKIA  ABCtTTA  Gaud.     Kana-cwH  and  Pua-ha-bui;  all  isldnd-*;   i.ooo- 

3.500  ft.;  hygrophytic;  6-15  ft.,  often  shrubby. 
*34.  BBOt/*WAtSXA    PBLLUClOA    Gaud.     Pua-ha-nui;    all    i*<lan<N;    2.500  />.<k)u    ft.; 

hjrgrophytic.  6-15  ft.,  often  shrubby. 
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pittosporaceae 

♦25.  PiTTOSPORUM  GLABRUM  Hook.  &  Am.    Ho^wo;  Oahu  only;  1.800-2.500  ft.; 

meso-  and  hygrophytic;  15-20  ft. 
*26.  PiTTOSPORUM  ACUMINATUM   Mann.   Ho-awa  or   Papa-he-kUi;   Kauai    only; 

2,000-4,000  ft.;  mesophytic  to  semi-hygrophytic;  15-20  ft. 
♦27.  PiTTOSPORUM  SPATHITLATUM   (Gray)  Mann.  Ho^wa;  Oahu  only;  2.000-4.000 

ft.;  hygrophytic;  15-20 
♦28.  PiTTOSPORUM  GLOMBRATUM  Hillcbd.    Ho-Gwa;  Oahu  only;  1.500-2.500   ft.; 

hygrophytic;  10-15  ft. 
♦29.  PiTTOSPORUM    TBRMiNALioiDBS    Plauch.     Ho-Gwa;   Maui.    Lanai.    Hawaii; 

1,000-7,000  ft.;  xerophytic;  15-20  ft. 
*30.  PiTTOSPORUM  CAULIFLORUM  Mann.     Ho-awa;  Kauai  and  Waianae  Ran^e  of 

Oahu  only;  1,000-4,000  ft.;  hygrophytic;  20-30  ft.  '        ^ 
*3i.  PiTTOSPORUM  HosMERi  Rock.    A-awa  hua  kukui;  Hawaii  only;  2.ooor5.ooo  ft.; 

xero-  and  mesophytic;  15-25  ft. 
♦32.  PiTTOSPORini  Gayanum  Rock.    Ho-awa;  Kauai  only;  4,800-5,000  ft.;  hygro- 

phjrtic;  15-18  ft. 
♦33.  PiTTOSPORUM  INSIGNE  HUlcbd.     Ho-awa;  Maui  only;  2,000-6,000  ft.;  hygro; 

phytic;  18-25  ft. 
♦34.  PiTTOSPORUM  HAWAiiENSE  HUlebd.    Ho-awa;  Hawaii  only;  2,200-4,000  ft.; 

hygrophjrtic;  15-18  ft. 
♦35.  PiTTOSPORUM   KAUAiBNSB   HiUebd.   Ho-awa;   Kauai   only;   2.000-4,000    ft-; 

hygrophytic;  30-40  ft.,  the  largest  member  of  the  genus. 
♦36.  PiTTOSPORUM  CONFERTIFLORUM  Gray.    Ho-awa;  Maui,  Lanai.  Hawaii;  2,000- 

5,000  ft.;  hygrophytic;  15-22  ft. 

LEGUMINOSAE 

♦37.  Acacia  koa  Gray.  Koa;  all  islands,  a  dominant  species,  formerly  exceedingly 
plentitui;  sea-level  to  6,000  ft. ;  mesophytic  to  semi-xerophytic,  also  growing 
in  lower  rain-forests;  20-80  ft.;  wood  valuable,  the  "Hawaiian  Mahogany*' 
of  commerce;  used  for  furniture,  interior  trim,  etc. 

♦38.  Acacia  koaia  Hillebd.  Koa-ia  or  Koa-oha;  Molokai,  Maui,  Hawaii;  1,000-3,000 
ft.;  xerophytic;  20-25  ft.;  wood  much  harder  than  koa;  tree  not  abundant. 

♦39.  Mezoneurum  kauaiensb  (Mann)  Hillebd.  Uhi-uhi  or  Kea;  all  islands  except 
Molokai  and  Lanai;  500-3,000  ft.;  xerophytic;  20-30  ft.;  wood  extremely 
hard,  almost  black. 

"ac.  SopnoRA  chrysophylla  (Salisb.)  Seem.  Ma-Tnani;  all  islands  except  Oahu  and 
Mookai;  sea-level  to  10,000  ft.,  most  abundant  in  upper  forest  zone  of 
Hawaii;  xerophytic;  4-40  ft.,  the  largest  trees  occurring  at  the  higher 
levels;  wood  very  hard  and  durable,  much  used  for  posts. 
41.  Erythrina  monosperma  Gaud.  Wili-wili;  all  islands;  lowlands  up  to  1,500 
ft.;  strongly  xerophytic;  20-30  ft.;  deciduous;  wood  very  white  and  buo3rant« 
soft  and  like  cork;  occurs  in  various  island  groups  of  the  South  Pacific  Ocean. 

RUTACEAE 
♦42.  Xanthoxylum  oahuense  Hillebd.     Ae  or  He-a'e;  Oahu  only;  1,800-3,000 

ft.;  hygrophytic;  15-20  ft. 
♦43.  Xanthoxylum  hawaiiense   Hillebd.    A'e  or  He-a'e;   Hawaii  and   Mount 

Hale-a-ka-la,  Maui;   var.  cUriodora  Rock  occurs  on  Lanai  and  Kauai;  1.200* 

6,000  ft.;  xerophytic;  15-25  ft. 
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*44.  Xaxthoxtlum  glandulosum  HUIebd.  A* 9  or  Ht^*€;  Maui  and  Hawaii; 
1,000-3,000  ft.;  tiygrophytic;  10-15  ft.;  rare. 

^5.  Xawtboxtlum  kauaibnsb  Gray.  A'€  or  He-a'e;  Kauai.  Maui,  Hawaii; 
t»soo-4«ooo  ft.;  me»o-  and  xerophytic;  20-40  ft. 

^46.  Xaktboxylum  biauibnss  Mann.  AV  or  Ht-a*e;  all  islands;  1.000-4.000  ft.; 
zeroph3rtic  or  semi-metophytic;  10-18  ft.;  highly  variable. 

*47.  Xakthoxylum  dipbtalum  Mann.  A'#  or  £f#-a*#;  Kauai.  Oahu.  Hawaii; 
1,000-4.000  ft.;  metophytic;  ao-40  ft. 

*4S.  PsLBA  cxusiAivouA  Gray.  Alani;  all  islands;  1.000-4.000  ft.;  hygrophytic; 
JO-30  ft. 

*49.  Pblxa  sapotabfoua  Mann.  Alani;  Kauai  only;  3.000-5.300  ft.;  hygro- 
phytic; 15-aoft. 

*50.  Pblxa  waialbau^b  Wawra.  Ano-nia  or  AUni-wai;  Kauai  only;  3.000-5.300 
ft.;  hjTgrophytic;  3-30  ft.;  often  shrubby. 

*5i.  Pblba  avbiculabtoua  Gray.  Alani;  Hawaii  only;  4.000-5,000  ft.;  hygro- 
phytic; 8-15  ft.;  often  shrubby. 

*$2.  Pblba  loaiocAJtPA  Heller.  Ku-kai-^noa;  Kauai  only;  3,500-4,000  ft.;  hygro- 
phytic; 10-15  ft. 

*53.  Pblba  volcanica  Gray.  Alani;  Maui.  Lcuiai,  Hawaii;  3.500-6,000  ft.; 
h3rgroph3rtic;  35-40  ft.;  quite  variable. 

^54.  Pblba  SANDWiCBNSts  (Gaud.)  Gray.  Alani;  Oahu  only;  several  doubtful  vari- 
eties from  Kauai.  Molokai,  and  Maui;  z.600-2.500  ft.; hygrophytic;  30-30  ft. 

*55.  Pblba  orbiculabis  HOlebd.  Alani;  Kauai  and  West  Maui  only;  4.000-5.700 
ft.;  strongly  hygrophytic;  8-xo  ft. 

^56.  Pblxa  kauaibnsis  Mann.  Pilo-ula;  Kauai  only;  4.000-5.000  ft.;  strongly 
hygrophytic;  10-16  ft. 

*57.  Pblba  botvndifoua  Gray.  Alani;  Oahu,  Ko*o-lau  Range  only;  1.800-3.500 
ft.;  hygrophytic;  10-18  ft.;  often  shrubby. 

*5t.  Pblba  molokaibnsis  Hillebd.  Alani;  Oahu,  Molokai.  and  West  Maui,  most 
abundant  on  Molokai;  1,000-4.000  ft.;  hygrophsrtic;  15-30  ft. 

*59.  Pblba  BfACXOPUS  HUIebd.  Alani;  Kauai  only;  a  variety  occurs  in  the  Kohala 
Mountains  of  Hawaii;  3.000-4.000  ft.;  hygrophytic;  13-18  ft. 

*6o.  Pblba  AKISATA  Mann.  A/oJh'-A^iiia.' Kauai  only;  3.000-4.000  ft.;  hygrophytic; 
18-34  ft-;  all  parts  very  fragrant. 

*6i.  Pblba  Wawbaxana  Rock.  Alani;  Oahu  only;  3. 000- j. 000  ft.;  hygrophytic; 
10-15  ft. 

•63.  Pblba  mlxtxflora  Rock.  Alani;  Maui,  leeward  slopes  of  Hale-a-ka-la.  only; 
3.600-3.000  ft.;  xerophytic;  30-40  ft. 

^3.  Pblba  Knlimbnii  Hillebd.     Alani;  Kauai  only;  1.500  ft.;  xerophytic:  25-30  ft. 

•64-  Pblba  barbigbba  (Gray)  Hi!leb<l.:  Alani;  Kauai  only;  3,600-4.000  ft.;  hygro- 
or  mesophytic;  10-15  ft.;  ofirn  shrubby. 

*65.  Pblba  BLumCA  (Gray)  Hi!lel>d.  Atani;  Oahu.  Molokai.  and  Maui;  i.ooo- 
3.500  ft.;  10-15  ft.;  often  shrubby. 

•66.  Pblba  cinbbba  (Gray)  HillrM.  Alani  or  Ma-mna;  Oahu,  Maui.  Lanai,  and 
Hawaii;  t. 500-4.000  ft.;  xerophytic;  10  35  ft. 

•67.  PlaTTDBSMA  CAMI»ANtXATLT4  Mann.  Ptlo  kta;  all  islands  except  Mt)l()kai  and 
Lanai;  1.500-4.000  ft.;  hyKfophyiic;  f>  20  !l.;  \<'iy  variable,  and  fllen 
shrubby. 
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*68.  NEOWAWRABA'pHYLLANTHOiDEsRock.;  Hawaii  Only;  2.000  ft.;  xerophytic;  30- 

35  ft.;  excessively  rare;  wood  black,  heavy. 
♦69.  ANTiDESBdA  PLATYPHYLLUM  Maxin.    Homt  or  Ha' a;  all  islands;  1,500-3,000  ft.; 

hygro-  and  mesophytic;  20-30  ft. 
♦70.  Antidesma  pulvinatum  Hillebd.;  Me-hanu  or  Ha' a;  all  islands;  1,000—3.000 

ft.;  strongly  xerophytic;  15-20  ft. 
♦71.  Claoxylon  sandwicense  Mull.-Arg.;  Po-ola;  all  islands;   1,000-2,500   ft.; 

xerophytic;  15-20  ft. 
t72.  Alburitbs  moluccana  (L.)  Willd.     Kukui;  abundant  on  all  the  islands;  a 

dominant  species  in  the  lower  forest  zone,  sea-level  to  2,200  ft.;  meso-  and 

hygrophytic;  30-80  ft.;  this  is  the  Candle-nut  or  Wood-Oil  tree  of  the  South 

Pacific;  abundant  in  Malaysia  and  the  islands  of  the  South  Pacific  Ocean. 
*73.  Euphorbia  lorifolia  (Gray)  Hillebd. ;  Koko  or  A-koko;  Molokai  to  Hawaii; 

1,000-3,000  ft.;  strongly  xerophytic;  10-25  ft.;  one  variety  is  very  laticiferousb 
♦74.  Euphorbia  Rockii  Forbes.     Oahu  only;  2,000-2,500  ft.;  hygrophytic;  15-ao 

ft.,  often  shrubby. 

anacardiaceae 

75.  Rhus  semialata  sandwicensis  (Gray)  Engler.  Nene-leau  or  [Ne-Aeau; 
Hawaiian  Sumach;  all  islands;  600-2,000  ft.;  mesophytic;  15-25  ft.;  stolonif- 
erous,  forming  clumps;  the  range  of  the  typical  form  of  R,  semialaia  Mutt. 
extends  from  the  Himalayas  to  China  and  Japan. 

AQUIFOLIACEAE 
*76.  Ilex  sandwicensis   (Endl.)   Loes.    Ka-wau  or  Ai-ea;  all  islands;   2.000- 
5,000  ft.;  hygrophytic;  15-40  ft. 

CELASTRACEAE 
♦77.  Perrottetia  sandwicensis  Gray.    Olo-mea  or  Wai-nua;  all  islands;  1,000- 
6,000  ft.;  hygro-  to  xerophytic;  10-20  ft.,  often  shrubby. 

SAPINDACEAE 
78.  Sapindus  Saponaria  L.     A'e  or  Ma-nele;  Maui  and  Hawaii;  3,000-4,500 
ft.;  mesophytic;  50-80  ft.;  deciduous;  indigenous  to  tropical  America,  but 
occurring  on  various  island  groups  of  the  Pacific. 
♦79.  Sapindus  oahuensis  Hillebd.;    Aulu,  Ka-ulu,  or  Lono-mea;  Kauai  and  Oahu 

only;  700-1,500  ft.;  mesophytic,  20-30  ft. 
♦80.  Alectryon  MACROCocci'S  Radlk.;  Ma-hoc;  all  islands,  but  very  rare;  1,000- 
3.000  ft.;  xerophytic;  20-25  ft. 
81.  Dodonaea  viscosa  L.     A'ali'i  or  A'a-li'i  ku-ma-kua;  all  islands;  800-9.000 
ft.;  hygro-  to  xerophytic;   15-25  ft.;  a  cosmopolitan  species,  occurring  in 
tropical  and  subtropical  regions  throughout  the  world. 
♦82.  Dodonaea   eriocarpa   Smith.     A'a-li'i  ku-ma-kua;   Kauai,   Maui,    Hawaii, 
2,000-8,000  ft.;  xerophytic;  8-20  ft.;  often  shrubby. 

RHAMNACEAE 
♦83.  Colubrina  oppositifolia  Brongn.     Kau-ila;  Hawaii  only;  2,000  ft,;  meso- 
to  xerophytic;  25-40  ft.;  wood  very  hard;  red. 
84.  Alphitonia  excelsa  (Fenzl)  Reiss.     Kau-ila  or  O'a;  all  islands;  2,000-3,000  ft. ; 
xerophytic,  sometimes  mesophytic;  40-80  ft.;  wood  very  hard  and  heavy,  red 
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with  black  streaks;  a  highly  variable  species,  occurring  in  Malaysia.  Austral* 
asia,  and  other  islands  of  the  Pacific. 

elaeocarpaceae 

^•5.  Elakocaapus  BiPiDt*s  Hook.  &  Am.  Kalia;  Kauai  and  Oahu  only;  a.ooo^ 
4.000  ft.;  strongly  hygrophytic;  ao-40  ft. 

MALVACEAE 
fM.  HiBiscL*s  TaiACEi*s  L.     Hau;  all  islands;  abundant  littoral  and  lowland  tree; 

mesophytic;  20-30  ft.;  forming  extensive  horizontal  jungles  by  decumbent 

rooting   branches;  a  cosmopolitan  species,  occurring  in   warm  countries 

throughout  the  world. 
*87.  Hwncvs  Arnottianus  Gray;  Kokia  keo-kto;  all  islands;   1.000-2,500  ft.; 

hygrophytic;  15-30  ft.;  t>eautiful  white  flowers. 
•SS.  HiBtscvs  WADiKAB  Heller.     Kokia  keo-keo;  Kauai  Wliite  Hibiscus;  Kauai 

only;  2,000-3,000  ft.;  hygrophytic;  20-30  ft.;  showy  white  flowers. 
•S9.  HiBiactTs  KOKio  Hillebd.     Kokia  ula  or  Pu-alo-^ilo;  Native  Red  Hibiscus;  all 

islands;  rare;  300-2.000  ft.;  hygrophytic;  8-40  ft.,  often  shrubby;  flowers  rich 

red. 

^90.    HiBISCADKLPUl'S  GiFrASDIANUS  Rock.  H.  WlLDEKIANV'S  Rock,  and  H.  HUALA- 

LAiBNSts  Rock.  Hau  kuahiwi;  Hale>a-ka-la  and  Hawaii,  excessively  rare,  only 
one  or  a  few  trees  of  each  species,  practically  extinct,  and  of  no  economic 
value;  3.000-4,200  ft.;  xerophytic;  15-20  ft. 

t9i.  TVBSPBSLA  POPULNKA  (L.)  Corr.  Milo;  common  littoral  tree  on  all  the  islands; 
mesophytic:  30-40  ft.;  a  fine  cabinet-wood;  a  cosmopolitan  littoral  species, 
occurring  in  tropical  Africa.  Asia,  and  Occanica. 

<^.  Kokia  Rockii  Lewton.  Kokio;  Native  Red  Cotton  Tree;  Hawaii  only,  ex- 
ceedingly rare;  a.ooo  ft,;  xerophytic;  12-15  ^t.  K.  drynarioides  (Seem.) 
Lewton  has  now  become  extinct  in  the  wild  state;  for  many  years  it  had  been 

excessively  rare. 

THEACEAE 

^M'  EVEYA  SANDWicENSis  Gray.  A-nini  or  Wa-nini;  all  islands;  x. 500-6.000  ft.; 
hygrophytic;  15-20  ft.,  often  shrubby. 

GrXTlFERAE 
tp4.  Calophyllum  INOPHYLLI-M  L.     Ka-mani;  a  common  littoral  tree  on  all  the 
isUnds.  also  in  the  loti'lands;  mesophytic;  50  60  ft,,  valued  for  Its  w(M)d  and 
oil;  abundant  in  tropical  A>ia,  Malaysia,  and  i>land<i  of  the  South  Pacific. 

FLACOl  RTIACKAE 
•95.  Xylosma  hawaiiensb  Seem.     Ma-ua:  Kauai  and  Oahu  only;  1.500-3,000  ft. 

meso-  or  semi-xer<jphytic;  sometime**  hvRrophytic;  15-30  ft. 
•96.  XVLOSMA  HtLLBBRANDil  Wawfa;  Ma-ua;  all  i>lam]s  except  Kauai  and  Oahu; 

1.000-4.500  ft.;  xerophytic:  10-15  ft. 

IHVMKLAKAC  KAE 
•97.  Wdcstbokmxa   OABCKNsis    (Gray)  Rork.     Akia;   Oahu  only;  600  3.000    ft.; 
hygrophytic;  2-15  ft.,  small  ihrub  at  lower  level'*,  ajbore^cent  at  ilie  hiKher 


*^.  WucsraOBlllA  SANOWIcsnsis   Mei-sn.     Akia;  Ha\^aii    onl>  ;    3.000  5.o(,o    U.; 
mcso-  to  xerophytic;  6-15  ft.  oiten  *hrubby. 
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♦99.  WiKSTROEMiA  FURCATA  (Hillebd.)  Rock.    Akia;  Kauai  only;  3,500-4«SOO  ft.;        I 
strongly  hygrophytic;  12-15  ft  often  shrubby. 

MYRTACEAE 

fzoo.  Eugenia  malaccbnsis  L.  Ohia  at;  Mountain  Apple  Tree;  all  islands,  abuii* 
dant  in  valley  floors,  up  to  a.ooo  ft.;  strongly  hygrophytic;  30-60  ft.;  fruit 
juicy  and  edible;  a  cosmopolitan  species,  occurring  in  many  of  the  island 
groups  of  the  South  Pacific  and  in  tropical  Asia. 

♦loi.  Eugenia  sandwicbnse  Gray.  Ohia  ha  or  Pa-ihi;  all  islands;  1.500-4.000  ft.; 
hygroph3rtic;  40-60  ft. 

*I02.  Mbtrosidbros  polymorpha  Gaud.  Le-hua  or  Ohia  U-hua;  sea-level  to  9.000 
ft.,  in  all  habitats  and  situations;  from  excessively  xerophytic  to  excessively 
hygrophytic;  stature  highly  variable,  from  a  prostrate  vine  to  a  tree  of  100 
ft.,  usually  a  tree  of  30-50  ft.;  the  most  abundant  tree  on  the  islands,  and 
exceeding  the  koa  in  timber  value;  wood  lumbered  ai^d  used  for  many  pur* 
poses;  abundant  in  New  Zealand  and  Polynesia. 

*I03.  Mbtrosidbros  trbmuloidbs  (Heller)  Rck.  Le-hua  a-hi-hi;  Kauai  and  Oahu; 
1,000-5,200  ft.;  strongly  hygrophytic;  10-25  ft.,  often  shrubby. 

♦104.  Mbtrosidbros  rugosa  Gray.  Le-htia  papa;  Oahu  only;  2,000-4,000  ft.; 
hygrophytic,  on  exposed  summit  ridges;  10-15  ft.,  often  shrubby. 

*io5.  Mbtrosidbros  macropus  Hook.  &  Am.  Ohia  lehua;  Kauai.  Oahu,  and 
Molokai;  1,500-3,000  ft.;  hygrophytic;  30-40  ft. 

ARALIACEAE 
♦106.  Tbtraplasandra  hawaiibnsis  Gray.     Ohe;  all  islands;  2,000-4,000  ft.;  meso- 

and  hygrophytic;  40-80  ft. 
*io7.  Tbtraplasandra  waimbab  Wawra.    Ohe  ki-ko-ola;  Kauai  only;  3,200-4,000 

ft.;  meso-  and  hygrophytic;  30-40  ft. 
*  108.  Tbtraplasandra  waialealab  Rock.     Kauai  only,  in  summit  bogs;  5,000  ft.; 

strongly  hygrophytic;  15-25  ft. 
♦109.  Tbtraplasandra  lanaiensis  Rock.    Lanai  only;  2,000  ft.;  mesophytic;  20  ft. 
*iio.  Tbtraplasandra  Lydgatei  (Hillebd.)  Harms.     Oahu  only;  1,500-2,000  ft.; 

hygrophytic;  10-20  ft. 
♦hi.  Tbtraplasandra  oahuensis  (Gray)  Harms.     Oahu  only;  Ohe  mauka;  i.ooo- 

3,000  ft.;  hygrophytic;  15-20  ft. 
♦ii2.  Tbtraplasandra  kaalae  (Hillebd.)  Harms.     Ohe;  Oahu  only.  Waianae  Range; 

3,000-4.000  ft.;  strongly  hygrophytic;  12-16  ft. 
♦113.  Tbtraplasandra  mel\ndra  (Hillebd.)  Harms.     Ohe;  all  islands;  1,000-4.000 

ft.;  xero-  to  hygrophytic;  20-50  ft.,  attaining  greatest  stature  in  arid  regions. 
♦114.  Reynoldsia  sandwicensis  Gray;  Ohe  or  Ohe  makai;  all  islands;  lowlands  to 

1,500  ft.;  xerophytic;  15-60  ft.;  deciduous. 
♦115.  Pterotropia  gymnocarpa   Hillebd.     Ohe-ohe;  Oahu  only;   1,500-2.500  ft.; 

strongly  hygrophytic;  15-30  ft. 
♦116.  Pterotropia    kavaiensis    (Mann)    Hillebd.     Ohe-ohe;   Kauai   only;    2,500- 

4,000  ft.;  meso-  to  hygrophytic;  40-60  ft. 
♦117.  Pterotropia  dipyrena  (Mann)  Hillebd.     Ohe-ohe;  Maui,  Lanai  and  Hawaii; 

2,000-4,500  ft.;  xero-  to  hygrophytic;  20-60  ft. 
♦118.  Cheirodendron  Gaudichaudii  (DC.)  Seem.     Olapa;  all  islands;  2.000-4,000 

ft.;  hygrophytic;  30-50  ft. 
♦119.  Cheirodendron  platyphyllum  (Hook.  &  Am.)  Seem.    Lapa-lapa;  Kauai 

and  Oahu  only;  3,000-5,000  ft.;  strongly  hygrophytic. 
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I  so.  SnrraBUA  tamxiaickia  (Cham.)  F.  Muell.  Pa-keawt  or  Pua-ktawt;  all  islands; 
i.ooo-io.ooo  ft.;  all  habiuts,  from  zero-  to  hygrophytJc;  sluubby  at  the  lower, 
arborescent  (10-18  ft.)  at  the  higher  levels;  known  also  from  Tahiti  and 
Eimeo  of  the  Sodety  Group. 

MYRSINACEAE 
•lai.  StnroHiA  kauaocnsis  (Hillebd.)  Mez.     Ko-4€a;  Kauai  only;  a.ooo  ft.;  25-35 

ft..;  hygrophsrtic. 
•iM,  SuTTOMiA  Wawraba  Mez,    Ko-Ua;  Kauai  only;  3.000-4.500  ft.;  sUongly 

hygrophytic;  10-15  ft. »  often  shrubby. 
•123.  SuTTOKiA  LANAiSNSis  (Hillebd.)  Mez.    Lanai  and  Maui  only;  1,000-3.500  ft.; 

mcso-  to  xerophytic;  ao-30  ft. 
•ta4.  SuTTomA  Fbrnsbbi  Mez.     Kauai  only;  3.000  it.;  hygrophytic;  size  unknown; 

very  rare. 
^tas.  SuTTOKiA  SPATHULATA  Rock.   iCo-Z^a,' Maui  only  ;6.50oft.;  zeroph>  tlc;  15  30ft« 
^xj6.  Scttonia  voLCANtCA  Rock.     Ko-lca;  Maui  and  Hawaii  only;  a.ooo-5.500  ft.; 

strongly  xerophytic;  la-ao  ft. 
^ia6.  SuTTOKiA  Kmn>SENii  Rock.     KoUa;   Kauai  only;  3,000-4.000  ft.;  strongly 

h)rgrophytic;  15  ft.,  often  shrubby. 
^ta?.  ScTTONiA  HnxBBRANDii  Mez.     Ko-Ua;  Kauai  and  Oahu  only;  a.500-4.000 

ft.;  hygrophytic;  15-ao  ft. 
•lat.  SvTTONtA  Lbssbrtiana  (A.DC.)  Mez.     Ko44a;  all  islands;   1.500-5.500  ft.; 

hygrophytic;  ao-60  ft.;  very  variable. 
^ag.  StrrrONtA  sandwicbnsis  (A.DC.)  Mez;  Ko4ea  lau-lii;  all  islands;  3.000-6.000 

ft,;  hsrgrophytic;  15-25  ft.,  often  shrubby. 
^30.  SirrroNiA  LANCBOUiTA  (Wawra)  Rock.     Kauai  only;  4.000-5.200(1.;  sUongly 

hygrophytic.  summit  bogs  only;  8-15  fL,  often  shrubby. 

SAPOTACEAE 
^131.  Chktsophyllum  POLYXBStcuM  (Bcnth.  &  Hook.)  Hillebd.     Ke-ahi;  all  islands 

except  Hawaii;  1,000-3.000  ft.:  sUongly  xerophytic;  20-35  ft. 
*l3a.  SiDBBOXTLON  SANDW1CBNSB  (Gray)  Bcnth.  &  Hook.     Ala'a  or  Ka-ulu;  all 

islands  except  Hawaii;  x. 000-4.000  ft.;  xero-  to  hygrophytic.  chiefly  the 

former;  30-50  ft. 
•133,  Stobboxtlon  Cbrbsolii  Rock.     Maui  only;  3.000  ft.;  hygrophytic;  20-30  ft.; 

rare. 
^34.  SiDBBOXYLON  BHYNCHOSPBKAft'M  Rock.     AUi*a;  Maul  Only;  1.300  ft.;  hygro- 
phytic; 30-35  ft.;  scarce. 
^135.  SiDBBOXYLON  AVAHIBMSB  Rock.     AW  a;  Maui  and  Hawaii  only;  3.000  ft.; 

zerophjrtic;  25-40  ft. 
•136.  SiDBBOXYLON  SPATBULA1VM  Hillcbd.     Ala'o;  Oahu.  Molokai.  Lanai;  1,000- 

3.000  ft.;  mesophytic;  X2-i8  ft.,  often  shrubby. 

EBENACEAE 
•137.  Maba  BANDWICBNSIS  A.DC.     Lama;  Hawaiian  Ebony;  all  islands;  1.000-3. 000 

ft.;  xero-  to  hygrophytic.  chiefly  the  former;  jo-40  ft.;  wood  very  hard,  rich 

brown  color. 
•138.  Maaa  HaXBBBAKDIt  Seem.     Lama:  Oahu  only;  1.500-2.500  ft.;  hyRrophyiic; 

a(>>3o  ft. 
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oleaceae 

*I39.  OSMANTHUS  SANDWiCBNSis  (Gray)  Knobl.  Pua  or  Olo-pua;  Hawaiian  Olive; 
ail  islands;  600-4,000  ft.;  xero-  to  raesophytic,  chiefly  the  former;  30—60  ft.; 
wood  very  hard. 

LOGANIACEAE 

*I40.  Labordia  molokaiana  Baillon.     Ka-maka-hala;  Molokai;  3.000  ft.;  strongly 

hygrophytic;  30  ft. 
*i4i.  Labordia  membranacea  Mann.    Ka-maka-hala:  Oahu  only;  1,500-2,500  (U; 

hygrophytic;  10-20  ft. 
*I42.  Labordia  sessilis  Gray.    Ka-maka-hala;  Oahu  only;  1,000-3,000  ft.;  stronsiy 

hygrophytic;  10-35  ft.,  often  shrubby. 
*i43.  Labordia  tinifolia  Gray.     Ka-maka-hala;  Kauai  to  Maui;  1,000-3.000  ft.; 

meso-  to  xerophytic;  15-20  ft.,  often  shrubby. 

APOCYNACEAE 

♦144.  Pteralyxia  macrocarpa  (Hillebd.)  Schum.  Ka-ulu;  Oahu  only;  hygro- 
phytic; 1,000-3,000  ft.;  rare;  15-25  ft. 

*I45.  Rauwolfia  sandwicensis  A.DC.  Hao;  all  islands;  1,500-2,500  ft.;  meso-  to 
hygrophytic,  sometimes  xerophytic;  15-20  ft.,  often  shrubby. 

*i46.  OcHROSiA  sandwicensis  Gray.  -firo-/«;  all  islands;  1,000-4,000  ft.;  xero-  to 
mcsophytic;  10-25  ft.,  often  shrubby. 

BORRAGINACEAE 
ti47.  CoRDiA  SUBCORDATA  Lam.   Kou;  all  islands,  formerly  an  abundant  littoral  tree, 
now  very  rare;  mesophytic;  15-50  ft.;  wood  with  beautiful  grain,  formerly 
prized  by  the  natives;  occurs  in  the  Indian  and  South  Pacific  Oceans  and 
throughout  Polynesia. 

SOLANACEAE 

♦148.  NoTHOCESTRUM  LONGiFOLiUM  Gray.  Ai-ea;  all  islands;  1,000-5,000  ft.;  hygro- 
phytic; 10-20  ft ,  often  shrubby. 

♦149.  NoTHOCESTRUM  BREVIFLORUM  Gray.  Ai-ea;  Hawaii  only;  2,000-2,800  ft.; 
xerophytic;  30-35  ft.;  wood  very  soft. 

♦150.  NOTHOCESTRUM  LATIFOLIUM  Gray.  Ai-ea;  all  islands  except  Hawaii;  1,500- 
3,000  ft.;  xerophytic;  20-30  ft. 

♦151.  NOTHOCESTRUM  SUBCORDATUM  Mann.  Ai-ea;  Kauai  and  Oahu  only;  1,500- 
3,500  ft.;  meso-  to  hygrophytic;  25-35  ft. 

♦152.  SoLANUM  Carterianum  Rck.  Pua-nana-ho-nua;  Oahu  only;  1,500  ft.; 
hygrophytic;  15-20  ft.;  exceedingly  rare  (one  tree). 

MYOPORACEAE 
♦153.  MvopoRUM  SANDWicENSE  (ADC.)  Gray.     Naio;    Bastard    Sandalwood;    all 
islands;  a  very  plentiful  lorest  tree,  from  sea-level  to  10,000  ft.;  xero-  to 
hygrophytic,  chiefly  the  former;  stature  veiy  variable,  from  a  shrub  of  2-3 
ft.  up  to  a  tree  of  50-65  ft.;  wood  fragrant,  like  Santalum. 

RUB  I  ACE  AE 

♦154.  GouLDiA  AXILLARIS  Wawra.  Ma-nono;  all  islands;  2,500-3,500  ft.;  hygro- 
phytic; 20-25  ft.;  variable. 

♦155.  GouLDiA  ELONGATA  Heller.  Ma-nono;  Kauai;  2,000  ft.;  hygrophytic;  10*20 
ft.,  often  shrubby. 
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^156.  GouLOU  MAOtoCARPA  HiUcbd.    Ma-nono;  Kaiud  and  Oahu  only;  a,ooo-4«ooo 

lU\  hygrophytic,  lO-ao  ft. 
^57.  Gaaobnia  Bbighami  Mann.     Na'u;  all  islands;  1,000-3,000  ft.;  zcropbytk; 

10-18  lt.«  often  thnibby;  flowers  fragrant. 
^S>-  GAaoBKiA  Rbmyi   Mann.     ATa'ti;  all  islands;   1.000-4.000  ft.;  hygrophytic; 

30-40  fL;  flowers  white,  fragrant. 
159.  PLBcraoNiA  ODORATA  (Forst.)  F.  Mail.      Ala-hee  or  Wala-kte;  all  islands; 

600-2.300  ft.,  abundant;  zero-  to  mesophytic;  6-20  ft.,  often  shrubby. 
^60.  BoBBA   BLATiOft  Gaud.    Aha-lUa;   Kauai.  Oahu,   Molokai.   Hawaii;   i.ooo- 

4«ooo  ft.;  hygrophytic;  2S'40  ft.;  wood  yellow. 
^61.  B08BA  HooKBRi  HiUebd.;  Aha^kea;  Oahu.  Molokai.  Maui,  very  rare;  1,000- 

3.000  ft  ;  25-35  ft.;  hygrophytic. 
•162.  BoBBA  SANDWiCBNSts  (Gray)  HUlebd.    Aka-kta;  Vfc9t  Maui.  Molokai.  Lanai; 

1. 000-2.000  ft.;  15-25  ft.,  often  shrubby. 
*i6j.  BoBBA  TmoNioiDBS  (Hook.  f.)  Htllebd.     Aha-ksa:  Hawaii  only;  xerophytlc; 

800-2.000  ft.;  size  unknown;  very  rare. 
•164.  BoBBA  Mannii  HiUebd.;  Atw^lua:  Kauai  only;  2.000-3.000  ft;  hygro-  to 

mesophytic;  20-30  ft. 
^165.  Stbaussia  kaouana  (Cham.  &  Schlecht.)  Gray.     Ko-pikokta;  Oahu.  Molokai. 

Lanai;  common,  variable;  1.000-3.000  ft.;  hygrophytic;  xo-ao  ft.,  often  shrub* 

by. 
*i66.  Stbaussia  longissima  Rock.     Ko-piko;  Oahu  only;  i.ooo  ft.;  hygrophytic; 

t2-20  ft.;  rare. 
*i67.  Stbaussia  omocabpa  HiUebd.;  Ko^piko;  Kauai,  Maul,  Lanai;  1.000-3.000  ft.; 

hygrophytic;  25-50  ft.;  varieties  occur  on  Molokai  and  HawaU. 
*i68.  Stbaussia  Faubibi  L6v1.     Ko-piko;  Oahu  and  Lanai;  3.000-3,000  ft.;  hygro- 
phytic; 10-15  ft. 
•169,  Stbaussia  lbptocabpa  HiUebd.;  Ko-piko;  Maui  only;  2.000-3,000  ft.;  zero- 
to  mesophytic;  15-20  tt. 
*X70.  Stbaussia   Mabiniana  (Cham,  h  Schlecht.)  Gray;  Ko-piho;  Kauai.  Oahu 

Maui;  2,500-3,500  tu;  hygrophytic;  10-20  It. 
^171.  Stbaussia  uawaiibnsis  Gray.     HawaU  only;  Ko-piko;  2.000-4.000  ft.;  meso- 

to  hygrophyiic;  20-35  ft. 
*I72.  Stbaussia  HiiXBBBAXDi I  Rock.     Ko-piko;  Hawaii  and  Molokai;  2.000-4.000 

ft.;  hygrophytic;  15-20  ft. 
•173.  PsTCHOTBiA  HEXAXDBA   Mann.     Kauai  and  Oahu;   1.000  3.000  ft.;  hygro- 
phytic; 15-ao  ft. 
•174.  PBYCOTBiA  CBANDITLOBA  Mann.     Kauai  only;  3.000-3.000  ft.;  hygrophytic; 

15-20  ft.,  often  shrubby. 
•175.  PsTcaoTUA  HtRTA  (Wawra)  Heller;  Kauai  only;  3.000-3,000  ft.;  hygrophytic; 

10-20  ft.,  often  shrubby. 
•176.  CoFBOSMA  MOlfTANA  HiUrtKl.     Pilo;  Kauai.  Maui.  and  Hawaii;  4.000-10.000 

ft.;   zero-  to   hygrophytic;   3-30   ft.,    variable,   often   ahruliby.   sometimes 

prostrate. 
•177.  COTBOSMA  BBYNCOCABPA  Gray;  Pilo;  Hawaii  only;  3.000-^.000  ft.;  meso-  to 

hygrophytic;  15-20  ft.,  often  shrubby. 
•178.  COPBOSMA    VONTBMPSKYI  Rock.     Pilo;  Maui  only;    4.000   ft.;    hyRrf)phytic; 

15-20  ft.;  prednctive. 
•179.  CopBOSMA  Gbayana  Rock.  PiU^:  Hawaii  only;  ^moo  ft.;  hyKrophytic;  20-25  ft.; 

prednctive. 
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♦i8o.  CopROSMA  PUBBNS  Gray.  Pilo;  all  islands;  2,000-5,000  ft.;  hygrophyiic; 
lo-ao  ft.,  often  shrubby. 

♦181.  CopROSMA  KAUAiBNSis  (Gray)  Heller.  Kai;  Kauai  only;  2,000-3,000  ft.; 
hygrophytic;  15-20  ft.,  often  shrubby. 

♦182.  CoPROSMA  WAIMBAB  Wawra.  Olena;  Kauai  only;  3,500-4,000  ft.;  hygro^ 
phytic;  15-20  ft. 

*i83.  CopROSBCA  LONCIFOLIA  Gray.  Pilo;  Kaui,  Oahu.  Lanai,  Hawaii;  1,000-4.000 
ft.;  hygrophytic;  15-20  ft.,  often  shrubby. 

ti84.  MoRiNDA  CITRIFOLIA  L.  NoHt;  all  islands,  lowlands,  around  native  settle- 
ments; meso-  to  xerophytic;  15-25  ft.;  occurring  also  in  Asia  and  Australia. 

♦185.  MoRiNDA  TRIMBRA  Hillcbd.  Notti  kua-kiwa;  Oahu.  Maui,  very  rare;  2.000— 
4,000  ft.;  hygrophytic;  15-30  ft. 

CAMPANULACEAE 
^187.  Clbrmontia  grandiflora  Gaud.    Molokai.  Maui,  Lanai;  2,000-5.000  ft.; 

hygrophytic;  6-18  ft.,  often  shrubby. 
♦188.  Clbrmontia  drbpanomorpha  Rock.    Hawaii  only;  4.000-5,000  ft.;  strongly 

hygrophytic;  12-20  ft. 
♦189.  Clbrmontia  persicaefolia  Gaud.    Oahu  only;  1,000-4,000  ft.;  hygrophjrtic; 

12-18  ft.,  often  shrubby. 
*i90.  Clbrmontia  oblongifolia  Gaud.    Oahu.  Molokai,  Maui;  1.000-4.000  ft.; 

hygrophytic;  15-25  ft.,  often  shrubby. 
♦191.  Clbrmontia   kohalab   Rock.     Hawaii  only;    1,500-2,500  ft.;   hygrophytic; 

15-18  ft. 
^192.  Clbrmontia  lbptoclada  Rock.     Hawaii  only;  4.000-4,500  ft. ;  strongly  hygro- 
phytic; 18-20  ft. 
♦193.  Clbrmontia  hawaiiensis   (Hillebd.)   Rock.     Hawaii  only;  3,000-5,000  ft.; 

hygrophytic;  15-25  ft.,  often  shrubby. 
♦194.  Clbrmontia  Gaudichaudii  (Gaud.)  Hillebd.    Ha-ha;  Kauai  only;  3,500— 

4,500  ft.;  strongly  hygrophytic;  15-25  ft.,  often  shrubby. 
♦195.  Clbrmontia  Peleana  Rck.     Hawaii  only,  very  rare;  3,800  ft.;  hygrophytic; 

20  ft. ;  precinctive. 
♦196.  Clbrmontia  arborescens  (Mann)  Hillebd.    Molokai,  Maui,  Lanai;  2,000- 

4,500  ft.;  hygrophytic;  15-25  ft. 
♦197.  Clbrmontia  tuberculata  Forbes.     Maui  only;  5,000  ft.;  hygrophytic;  12-15 

ft.;  very  rare,  precinctive. 
♦198.  Clbrmontia  coerulea  Hillebd.     Hawaii  only;  1,800-4,500  ft.;  hygrophytic; 

15-20  ft.;  abundant. 
♦199.  Clbrmontia  haleakalensis  Rock.     Hale-a-ka-Ia,    Maui,    only;    7,000    ft.; 

strongly  hygrophytic;  10-20  ft.;  very  precinctive  and  rare,. 
*2oo.  Cyanea  arborea  (Gray)  Hillebd.     Maui  only,  practically  extinct;    4,000* 

5,000  ft.,  meso-  to  xerophytic;  12-25  ft.,  only  one  tree  known. 
♦201.  Cyanea  leptostegia  Gray.     Ha-ha4ua;  Kauai  only;  2,000-4,000  ft.;  meso* 

phytic  to  semi-hygrophytic;  20-40  ft. 

GOOIJENIACEAE. 

♦202.  Scaevola  Chamissoniana  Gaud.  Nau-paka;  all  islands;  800-5,000  ft.  hy- 
grophytic; 15-20  ft.,  often  shrubby. 

♦203.  Scaevola  glabra  Hook.  &  Am.  Ohe-nau-paka;  Kaui,  Oahu.  West  Maul; 
3,000-5,000  ft.;  strongly  hygrophytic;  10-20  ft.,  usually  shrubby. 
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^04.  ScAXVOUi  PROCEKA  Hillcbd.    Ncu-paka;  Kauai.  Molokai.  Maul;  2.000-4,000 
ft.;  hjiropbytic;' 19-16  ft.,  usually  thnibby. 

COMPOSITAE 
^0$.  DuBAVTiA  PLANTACnrsA  Gaud.;  Nat-nat;  all  islands;  1.800-6.000  ft.;  hygro- 

phytk,  tomctimet  temi-xerophytic;  xo-18  ft. 
*3o6.  RAiLLAaotA  AKBORBA   Gray.    Na4^a€:   Hawaii.   Mauna   Kea  only,   rare; 

7.000-1  i.ooo  ft.;  zerophytic;  i8-ao  ft.,  often  a  small  shrub. 
•ao7.  RAnxAEMA  STRUTBIOLOIOBS  Gray.    No^-nct;  Hawaii.  Mauna  Kea  only; 

7.000-11.500  ft;  xerophytic;  18-35  ^t..  often  a  small  shrub. 
*ao8.  RAiLLAKDtA  MsNinsn  Gray.    Na^-nat;  Maul.  Hale-a-ka-la  only;  6,000- 

10.000  ft.;  zerophytic;  15-aa  ft.,  often  a  shrub, 
•sop.  HavsaoMANNiA  AaaORSSCSNs  Gray.    Hawaiian  Tree  Thistle;  Oahu  and 

Lanal«  evidently  becoming  extinct;   2.000-3.000  ft;  hygrophytk;  lo-ao  ft. 
^10.  HaspatOMANNiA  Ltdgatk  Forbes;  Kauai  only,  very  rare;  3.000  ft.;  hygro- 
phytk; 10-10  ft. 
CoiXBCS  or  Hawau, 

Honolulu 
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INDEX  TO  AMERICAN  BOTANICAL  LITERATURE 
1915-1917 

The  Aim  of  this  Index  is  to  include  all  current  botanicml  literature  written  b^ 
Americans,  pablishcd  in  America,  or  based  upon  American  material  ;  the  word  Amer- 
ica being  used  in  the  broadest  sense. 

ReTiewi,  and  papers  that  relate  exclusively  to  forestry,  agriculture,  horticulture, 
mannfactared  products  of  vegetable  origin,  or  laboratory  methods  are  not  included,  and 
fw  attempt  is  made  to  index  the  literature  of  bacteriology.  An  occasional  exception  is 
maile  in  favor  of  some  paper  appearing  in  an  American  periodical  which  is  devoted 
wholly  to  botany.  Reprints  are  not  mentioned  unless  they  differ  from  the  original  in 
Kane  important  particular.  If  users  of  the  Index  will  call  the  attention  of  the  editor 
lo  errors  or  omissions,  their  kindness  will  be  appreciated. 

This  Index  is  reprinted  monthly  on  cards,  and  furnished  in  this  form  to  subscriben 
at  the  rale  of  one  cent  for  each  card.  Selections  of  cards  are  not  permitted  ;  each 
snbacriber  must  take  all  cards  published  during  the  term  of  his  subscription,  ('orre* 
spoodence  relating  to  the  card  issue  should  be  addressed  to  the  Treasurer  of  the  Torrey 
HoUnical  dub. 

AUardf  H.  A.     EfTect*of  environmental  conditions  upon  the  number  of 

leaver  and  the  character  of  the  inflorescence  of  tobacco  plants. 

Am.  Jour.  Bot.  3:  493-501.  p*,  20-23.     23  D  1916. 
AUard,  H.  A.     A  specific  mosaic  disease  in  Nicotiana  viscosum  distinct 

from  the  mosaic  disease  of  tobacco.     Jour.  Agr.  Research  7: 481-486. 

pf  35*  36'     "  I>  1916. 
Benedict,  IL  C.     Can  ferns  be  identified  by  taste?     Am.  Fern.  Jour.  6: 

121-123.     f^  1916. 
Benedict,  R.  C.     More  about  Ophioglossum  vulgatum.    Am.  Fern  Jour. 

6:  124,  125.     D  1916. 
Bkknefl,  B.  P.     Pinus  Banksiana  on  Nantucket.     Rhodora  18:  241, 

242.     I  D  1916. 
Bisby,  G.  IL     The  Uredinales  found  upon  the  Onagraceae.     Am.  Jour. 

Bot.  3:  527-561.     6  Ja  1 91 7. 
Bownum,  H.  H,  M.     Physiological  studies  on  Rhitophora.     Proc.  Nat. 

Acad.  Sci.  a;  685-688.     15  1)  1916. 
Bojnton,  K«  IL      Chionodoxa  Luciliae  gigantra,     Addibonia  i:  pi,  jj, 

30  D  1 916. 
Brandt,  IL  P.     Notes  on  the  Californian  species  of  Trillium  L. — III. 

Seasonal  changes  in  Trillium  species  with  special  reference  to  the 
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reproductive  tissues.     Univ.  Calif.  Publ.  Bot.  7:  39-68.  pi,  7—10 

+/.  /,  2.     9  D  1916. 
Britton,  £•  G.     Notes  on  Fissidens — I.     Difficulties  in  determining  the 

oldest  species.     Bryologist  19:  87-89.     15  D  1916.     [Illust.] 
Biitton,  N.  L.     Echeveria  australis.     Addisonia  i;  pL  40.    30  D  1916. 
Britton,  N.  L,     Opuntia  vulgaris,    Addisonia  i:  pL  38,    30  D  1916. 
Brooks,  S.  C,     Studies  on  exosmosis.     Am.  Jour.  Bot,  3:  483-49^.  /. 

1-4,    23  D  1 916. 
Brooks,  S.  C,     A  study  of  permeability  by  the  method  of  tissue  tension. 

Am.  Jour.  Bot.  3:  562-570./.  1-3.    6  Ja  1917. 
Brown,  T.  W.,  &  Walsingham,  F.  G.     The  sycamore  fig  in  Egypt. 

Jour.  Heredity  8:  3-12./.  i-6+frontispiece.     27  D  1916. 
Bums,  G.  P.     Studies  in  tolerance  of  New  England  forest  trees. — III. 

Discontinuous  light  in  forests.     Vermont  Agr.  Exp.  Sta.  Bull,  193: 

3-23.  pi.  1-5.     F  1916. 
Bums,  G,  P.,  &  Otis,  C.  H.    The  trees  of  Vermont.     Vermont  Agr. 

Exp.  Sta.  Bull.  194:  3-244.  pL  1-8,     Mr  1916. 
Buttrick,  P.  L.    The  red  spruce.     Identification  and  characteristics. 

Am.  Forest.  22:  705-707.     D  1916:     [Illust.l 

Clute,  W.  N.     The  blackberry  lily.     Am.  Bot.  22:  81-83.    Au  1916. 

[Illust.l 
Clute,  W.  N,     Bulbs  on  stalks.    Am.  Bot.  22:  130,  131.     N   1916. 

[Illust.l 
[Clute,  W.  N.l     The  evolution  of  herbs.    Am.  Bot.  22:  124-129.     N 

1916. 
Clute,  W.  N,     How  plant  food  is  formed.    Am.  Bot,  22:  122-124. 

N  1916. 
[Clute,  W.  N.l     Note  and  comment.     Am.  Bot.  22:  106-115.     Au  1916. 
Among  the  subjects  mentioned  are  Lignum  Nephriticum,  Growth  periods  of  the 
elm.  Distribution  of  the  oaks,  Periodicity  in  plants.  Color  forms  of  Lilium  canadenst, 
etc. 

Coker,  W.  C,  &  Totten,  H.  R.  The  tree?  of  North  Carolina.  1-106. 
Chapel  Hill.     1916. 

Cole,  L.  A,     The  Polypody.     Am.  Fern  Jour.  6:  119,  120.     D  1916. 

Detjen,  L.  R.  Self-sterility  in  dewberries  and  blackberries.  N.  Caro- 
lina Agr.  Exp.  Sta.  Tech.  Bull,  ii:  1-37./.  i-g.     O  1916. 

Dubard,  M.  Les  Sapotac6es  du  groupe  des  Sideroxylin6es-Mimusopto. 
Ann.  Mus.  Col.  Marseille  23:  1-62./.  1-27.     1915. 


Digitized  by  VjOOQIC 


Index  to  American  botanical  uteraturb  161 

Dunham,  B.  M.    Fungus-spores  in  a   moss-capsule.     Bryologist  19: 

89,  90.     15  D  1916.     [Illust] 
FarwaU,  O.  A.    New  ranges  for  old  plants.    Rhodora  18:  243,  244. 

I  D  1916. 
Fonaithf  C.  C.     Pollen  sterility  in  relation  to  the  geographical  distri- 
bution of  some  Onagraceae.     Bot.  Gaz.  6a:  466-487.  pi.   IQ-21 

+/.  /.     18  D  1916. 
Gite,  P.  L.y  &  Cmrrero,  J.  O.    Assimilation  of  iron  by  rice  from  certain 

nutrient  solutions.     Jour.  Agr.  Research  7:  503-528.     18  D  1916. 
Goodq>eed,  T.  H.,  &  Brandt,  R.  P.     Notes  on  the  Californian  spedes  of 

TriUium  L. — I.     A  report  of  the  general  results  of  field  and  garden 

studies,  1911-1916.     Univ.  Calif.  Publ.  Bot.  7:  1-24.  pi.  1-4,    3  O 

1916. — II.    The   nature  and  occurrence  of  undeveloped  flowers. 

Univ.  Calif.  Publ.  Bot.  7:  25-38.  ^,  5,  6.    4  O  1916. 
Hans,  A.     Notes  on  two  crested  ferns.    Am.  Fern  Jour.  6:  123,  124. 

D  1916. 
Harper,  B.  T.    Additional  species  of  Pkolioia,  Siropharia  and  Hypho- 

loma  in  the  region  of  the  Great  Lakes.     Trans.  Wisconsin  Acad. 

Sci.  x8:  392-421.  pi.  11-24.     D  191 6. 
Harper,  R.  M.     Habenana  repens  and    Piaropus  crassipes  in  Leon 

County,  Florida.     Torreya  16:  267-270.  /.  /,  2.     16  Ja  1917. 
(Harper,  R.  M.]     Hammock.     New  Internat.  Encyc.  ed.  2.  10:  636- 

637.     1915 
[Hmiper,  R.  M.]     Hempstead  Plains.     New  Internat.  Encyc.  ed.  2.  11 : 

133.     191 5. 
(Haiper,  R.  M.]     Okefinokee  Swamp.     New  Internat.  Encyc.  ed.  2.  17: 

404,  405.     1916. 
[Harper,  R.  M.]     Plant  sociology.     New  Internat.  Encyc.  ed.  2.  18: 

705.     1916. 
(Harper,  R.  M.]     Pocosin.     New  Internat.  Encyc.  ed.  2. 18:  761.     1916. 
(Haiper,  R.  M.]     Vegeution  (of  the  United  States).     New  Internat. 

Encyc.  ed.  2.  33:  69S-700.     1916. 
Harper,  R.  M.     Stenophyllus  floridanus  in  South  Carolina.     Torreya 

16:  243,  244.     9  D  1916. 
Harris,  J.  A.     The  variable  desert.     Sci.  Mo.  x .  41-50/.  i-4     J*  >9i6. 
HajToes,  C.  C.     Drtpanolejeunea,  a  genus   new   to   North   AmeriLan 

Hepaticae.     Bryologist  19:  84-?6.  pL  j.     15  D  1916. 
Haynes,  €•  C.     A  hue  and  a  cry  for  a  lost  and   undc&cribcd  hepatic. 

Bryologist  19:  96.     15  D  1916. 
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Huff,  N.  L.,  &  House,  G,  O.     Copper  sulphate  treatment  of  St.  Paul, 

Minnesota,    water   supply.     Jour.    Am.    Water   Works   Assoc.    3: 

581-621.  pL  1-3 +f'  i'5      Je  1916. 
Jeffrey,  E.  C.     Octave  Lignier.     Bot.  Gaz.  62:  507,  508.     18  D  I9i6, 

[Portrait.] 
Jennings,  O.  E.     Extracts  from  recent  reports  of  the  "Moss  Exchange 

Club."     Bryologist  19:  90-94.     15  D  1916. 
J[ennings],  O.  E.    Odor  of  Conocephalus.    Bryologist  19:  86.    15  D  1916. 
Ejiowlton,  F.  H.     A  review  of  the  fossil  plants  in  the  United  States 

National  Museum  from  the  Florissant  Lake  beds  at  Florissant.  Colo- 
rado^ with  descriptions  of  new  species  and  list  of  type-specimens. 

Proc.  Nat.  Mus.  51:  241-297.  pi.  i2-2y,    24  N  1916. 
Lutman,  B.  F.,  &  Cunningham,  G.  C.     Potato  scab.     Vermont  Agr. 

Exp.  Sta.  Bull.  184:  3-64.  pi.  i-i2+f.  r-7.     S  1914. 
Lutz,  A.  M.     Oenothera  mutants  with  diminutive  chromosomes.     Am. 

Jour.  Bot.  3:  502-526.  pi.  24+f.  7-7.     23  D  1916. 
MacCaughey,  V.    The  economic  woods  of   Hawaii.     Forest  Quart. 

14:  696-716.     D  1916. 
MacCaughey,  V.     The  genus  Eugenia  in  the  Hawaiian  Islands.     Tor- 

reya  16:  260-267.     16  Ja  1917. 
MacCaughey,  V.     The  wild  flowers  of  Hawaii.     Am.  Bot.  22:  97-105. 

Au  1916;  131-135.     N  1916. 
Mackenzie,    K.    K.     Cymophyllns     Fraseri.     Addisonia    i:    pL    36. 

30  D  1916. 
Mark,  C.  G.     A  new  station  for  Scott's  spleenwort.     Am.  Fern.  Jour. 

6:  116-119.  pi.  6.     D  1916. 
Martin,  W.  H.     Influence  of  Bordeaux  mixture  on  the  rates  of  transpi- 
ration from  abscised  leaves  and  from  potted  plants.     Jour.  Agr. 

Research  7:  529-548.     18  D  191 6. 
Massey,  L.  M.     The  hard  rot  disease  of  Gladiolus.     Cornell  Agr.  Exp. 

Sta.  Bull.  380!  153-181.  pi.  IS,  i6+f.  38-44.     S  1916. 
McAtee,  W.  L.     Some  local  names  of  plants — 2.     Torreya  16:  235-242. 

9  D  1916. 
McFarland,  F.  T.     The  ferns  and  their  distribution  at  Douglas  Lake, 

Michigan.     Am.  Fern  Jour.  6:  106-112.     D  1916. 
Merrill,  E.  D.     Osbeck's  Dagbok  ofwer  en  Ostindsk  Resa.     Am.  Jour. 

Bot.  3:  571-588.     6  Ja  1917. 
Murrill,  W.  A.     Exploration   of  Apple  Orchard   Mountain,  Virginia. 

Jour.  N.  Y.  Bot.  Gard.  1.7:  218-221.     D  1916. 
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Monill*  W.  A.    A  new  paradise  for  botanists.    Torreya  z6:  251-257. 

/.  /-J.     16  Ja  1917. 
Hash,  G.  V.     Catasetum  scurra.    Addisonia  i:  pL  32.    30  D  1916. 
Huh,  G.  V.     Rhus  hirta  dissecta.    Addisonia  i:  pi.  37.    30  D  1916. 
Howell,  W.    Fungous  and  bacterial  diseases.     West  Indian  Bull.  16: 

t7-30.     1916. 
Howell,  W.     RoseUinia  root  diseases  in  the  Lesser  Antilles.    West 

Indian  Bull.  16:  31-71./.  1-12.     1916. 
Osner,  G.  A.    Leaf  smut  of  timothy.     Cornell  Agr.  Exp.  Sta.  Bull.  381 : 

187-230.  p/.  /7+/.  4S'SS>    O  1916. 
Osterhoot,  W.  J.  V.    Specific  action  of  barium.    Am.  Jour.  Bot.  3: 

481,  482.    23  D  1916. 
Pease,  A.  S.    List  of  planU  on  Three  Mile  Island.     PteridophyU  and 

Spermatophyta.    Appalachia  xa:  266-276.    Jl  191 1. 
Pennen,  F.  W.     DasysUphana  porpkyrio,    Addisonia  i :  pi,  3$.    30  D 
Pittier,  H.     Preliminary  revision  of  the  genus  Inia,    Contr.  U.  S.  Nat* 

Herb.  18:  173-223+i-xi.  pi.  81-10$,    30  O  1916. 

Includes  dctcripUoDS  of  thlity*nine  new  species. 

Pope,  M.  N.    The  mode  of  pollination  in  some  farm  crops.    Jour.  Am. 

Soc.  Agron.  8:  209-227.     i  Au  1916. 

1916. 
[Popenoe,  O.)    The  best  papaws.    Jour.  Heredity  8;  21-33.  /•  9-^5' 

27  D  1916. 
Prichatd,  IL  P.,  &  Bailey,  L  W.    The  significance  of  certain  variations 

in  the  anatomical  structure  of  wood.     Forest.  Quart.  14:  662-670. 

/.  1-17,     18  D  1916. 
Pritchard,  F.  J.     Some  recent  investigations  in  sugar-beet  breeding. 

Bot  Ga2.  62:  425-46.5./.  7-5/.     18  D  1916. 
Ramaley,  F«     Dry  grassland  of  a  high  mountain  park  in  northern 

Colorado.     Plant  World  19:  249-270./.  1-6.    S  1916. 

/.  /.     D  1916. 
Raymond,  IL  L    An  ideal  series  for  Thaliophyte-Bryophyte  study. 

Am.  Bot.  aa;  83-91.    Au  1916. 
Reed,  G.  B.     The  relation  between  oxidase  and  catalase  in  plant  tissues. 

Bot.  Gaz.  62:  409-412./.  /.     16  N  1916. 
Reed,  G.  B.     The  separation  of  oxidase  reactions  from  the  catalase 

reaction.     Bot.  Gaz.  6a:  303-310./.  /-j.     17  O  1916. 
Rigg,  O.  B*     A  summary  of  bog  theories.     Plant  World  19:  310-325. 

O  1916. 
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Rigg,  G.  B.  Snow  injury  to  trees.  Torreya  i6:  257-26o.Tf  i6  Ja  1917. 
Roberts,  £•  A,  The  epidermal  cells  of  roots.  Bot.  Gaz.  63:  488-506. 
Robinson,  B.  L.    The  doctors  John  Brickell.     Rhodora  18:  225-230. 

N  1916. 
Roe,  N.  L.    A  contribution  to  our  knowledge  of  Splachnidium,      Bot. 

Gaz.  62:  400-408.  pi,  14-18.     16  N  1916. 
Rolfe,  R.  A.     HunOeya  cUrina.    Curt.  Bot.  Mag.  IV.  12:  pi.  868g. 

D  1916. 
A  plant  from  Columbia. 

Rose,  J.  N,      Sedum  diversifolium.      Addisonia  1:  pi,  31  A.    30   D 

1916. 
Rose,  J.  N.    Sedum  humifusum,    Addisonia  t:  pi,  31  B.    30  D  1916. 
Rumbold,  C.    Pathological  anatomy  of  the  infected  trunks  of  chestnut 

trees.     Proc.  Am.  Philos.  Soc.  55:  485-493.  pi,  15-18,     1916. 
Rydberg,   P.  A.     (Carduales)    Carduaceae,   Tageteae,   Anthemideae. 

N.  Am.  Fl.  34:  181-288.     29  D  1916. 

Includes  the  new  genera  Chanutrlemisia,  Vesicarpa,  Hydropeciis  and  Artemisia 
astrum,  and  55  new  speciett  in  PorophyUum  (9),  Pedis  (10),  Achillea  (6),  Crosse 
stephium  (i),  and  Artemisia  (39). 

Sanford,  F.  H.     Michigan's  shifting  sands.    Their  control  and  better 

utilization.     Michigan  Agr.  Exp.  Sta.  Special  Bull.79: 1-31./.  1-22, 

My  1916. 
Saunders,  C.  F.    The  Ossawatomie  pine  tree.    Am.  Bot.  2a:  121,  122. 

N  1916.     [Illust.] 
Sax,  K.     Fertilization  in   FritiUaria  pudica.     Bull.  Torrey  Club  43: 

505-522.  pi.  27-29+f,  1-3.     7  N  1916. 
Sell,  R.  A.     Botanizing  in  the  Corpus  Christi  region.     Am.  Bot.  22: 

91-94,    Au  1916. 
Shively,  A.  F.    Some  of  the  plants  mentioned  in  Shakespeare.     Nature- 
Study  Rev.  12:  374-383.     D  1916.     [Illust] 
Shreve,    F.     Excursion    impressions.     Trans.    San    Diego   Soc    Nat. 

Hist.  2:  79-83.     1916.     [Illust.] 
Shufeldt,  R.  W.     Studying  plants  in  winter.     Am.  Forest.  22:  731-737. 

/.  i-s,     D  1916. 
Small,  J.  K.     Royal  Palm  Hammock.    Jour.  N.  Y.  Bot.  Card.  17: 

165-172.  pi,  179-182,    3  N  1916. 
Small,  J.  K.    A  cruise  to  the  Cape  Sable  region  of  Florida.    Jour.  N,  Y. 

Bot.  Card.  17:  189-202.  pi,  183-188,     20  N  1916. 
Smith,  E.  F.     In  memory  of  Thomas  J.  Burrill.     Jour.  Bact.  i:  269- 

271.     My  1916.     [Portrait.] 
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Sodthf  P.  M.  The  development  of  the  embryo  and  peedling  of  Dio- 
srorea  i^llosa.     Bull.  Torrey  Club 43:  545-558.  pi.  31-34.    27  N  1919. 

Squires,  W.  A.  A  day  and  t\\%\\x  on  Mount  Adams.  Am.  Bot.  22 :  136- 
140.     N  1916.     IIIIu«»t.l 
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Contributions  to  the  Mesozoic  flora  of  the  Atlantic  coastal  plain, 
XII. — Arkansas* 

Edward  W.  Berry 
(with  plat*  7) 

The  Upper  Cretaceous  of  the  Western  Gulf  area  contains 
littoral  sand  beds  of  a  magnitude  great  enough  to  be  considered 
formational  units.  These  are  not  restricted  to  a  narrow  horizon 
and  the  belief  has  been  frequently  expressed  and  is  apparently 
pn>bable  that  these  sand  formations  are  the  time  equivalents  of 
several  marine  formations  that  are  differentiated  elsewhere  in  this 
area.  The  Woodbine  sand  of  northeastern  Texas  is  a  case  in 
point  and  another  example  is  furnished  by  the  Bingen  sand  of 
southwestern  Arkansas.  Both  are  without  marine  fossils  so  far 
as  known  and  both  contain  fossil  plants,  those  of  the  Woodbine 
sand  having  been  reviewed  by  met  in  191 2. 

Recently  Mr.  H.  D.  Miser,  of  the  United  States  Geological 
Surve>',  has  sent  me  several  small  collections  of  fossil  plants  from 
the  Bingen  sand.  These  are,  so  far  as  I  know,  the  first  fossil 
plants  collected  from  the  Bingen  sand.  While  the  material  is 
poor  and  not  greatly  varied,  a  number  of  species  are  determinable 
and  these,  while  not  as  conclusive  as  might  be  wisheti,  nevertheless 
shed  considerable  light  on  the  correlation  of  the  formation.  Mr. 
Miser  is  to  be  congratulated  for  the  care  with  which  he  has 
collected  from  such  unpromising  material. 

The  Bingen  sand  was  name<i  by  Hill  in  i88Ht  from  the  town 

IThe  Bcu-rrw  for  March  (44:  1 17-166.  pi.  4-0)  wa-*  i^-ue^l  March  ^7.  lyi?! 

•  The  but  previous  contribution  of  this  sci k-a  appeared  in  the  Bull.  Torrcy  (  hib 
4i:  t^i'  J04.  pi.  i6,     1916. 

t  B«Ty.  E.  W.  No.  VIII  of  this  scries.  Bull.  Torrey  Club  39:  jS;  4.»6  pL 
JO-J2,     tgia. 

X  HUJ.  R.  T.     Ann.  Rcpt.  Gcol.  Surv.  .Vrkansas  for  18S8.  1.  56  s^- 

lt)7 
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of  Bingen  in  Hempstead  County,  Arkansas.  It  comprises  near 
shore  (littoral  and  estuarine)  deposits  of  gravels  and  white  to 
brown  sands  and  clays  with  considerable  lignitic  material  and 
occasionally  fairly  well  preserved  fossil  plants.  It  outcrops  in  a 
nearly  east  and  west  direction  commencing  at  the  Ouachita  River 
and  showing  isolated  patches  along  the  edge  of  the  Paleozoic  rocks 
in  Clark  County.  Except  where  it  is  cut  out  by  river  bottoms  it 
forms  an  almost  continuous  sheet  across  Pike,  Hempstead,  Howard 
and  Sevier  Counties.  Veatch,*  who  mapped  this  area  in  1902  and 
1903,  clearly  recognized  that  while  the  Bingen  sand  of  south- 
western Arkansas  was  the  lithologic  counterpart  of  the  Woodbine 
sand  of  northeastern  Texas  it  was  the  chronological  equivalent  of 
not  only  more  or  less  of  the  Woodbine  but  of  a  considerable 
portion  of  the  overlying  Upper  Cretaceous,  including  at  least  all 
of  the  Eagle  Ford  formation  of  the  Texas  region  and  possibly  the 
Austin  and  the  earlier  part  of  the  Brownstown  formation.  Mr. 
Miser  in  his  recent  work  in  the  Caddo  Gap  and  De  Queen  quad- 
rangles proposes  to  distinguish  a  lower  and  ati  overlapping  upper 
Bingen,  both  of  which  have  furnished  fossil  plants,  although  the 
collections  from  both  are  not  far  from  the  contact  of  the  two  and 
therefore  well  above  the  base  of  the  Bingen  in  the  one  case  and 
well  below  the  top  in  the  other. 

The  plants  include  twenty-seven  determinable  species  for  the 
most  part  identical  with  well-known  Upper  Cretaceous  forms,  and 
a  fern  pinnule  that  I  have  not  ventured  to  name.  The  deter- 
mined forms  comprise  one  fern,  four  conifers,  tw^o  cycadophytes  (?), 
and  twenty  dicotyledons.  The  most  abundant  forms  are  Sequoia 
concinna  and  a  new  species  of  DeivaJqiiea,  Among  the  dicotyledons 
there  are  three  species  each  of  Myrica  and  Ficus^  two  each  of 
SaliXf  Liriodendron  and  Andromeda^  and  one  each  of  Dewa/^ttea, 
Menispermites,  Cohitea,  Lcguminosites^  ManihotiteSy  Cinnamomum, 
Sapindus  and  Cordia.  A  list  of  the  species  with  their  outside 
distribution  is  shown  in  the  accompanying  table. 

Tlie  largest  collection  (seventeen  species)  and  the  best  pre- 
serv^ed  material  comes  from  the  Big  Railroad  Cut  locality  which 
is  near  the  base  of  Mr.  Miser's  upper  Bingen.  Considering  the 
Bingen  flora  as  a  whole  it  may  be  noted  that  it  contains  only  one 

*  Vcatch,  A.  C.     U.  S.  Dept.  Int.  Gcol.  Siirv.  Professional  Paper  46:  24.     1906. 
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speciea — the  abundant  Dewalquea — not  known  from  other  Upper 
Cretaceous  formations  of  the  Atlantic  Coastal  Plain.  There  are 
five  species  common  to  the  little  known  flora  of  the  Woodbine 
sand  of  northeastern  Texas.  Eighteen  of  the  Bingen  species 
occur  in  the  Tuscaloosa  formation  of  the  Eastern  Gulf  area,  six 
continue  upward  into  the  Eutaw  formation  and  one  is  found  as 
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high  as  the  Ripley.  Eleven  siKuies  are  common  to  the  Dakota 
sandstone  of  the  Western  Interior  and  an  identical  numl>er  ranj^rs 
northward  far  enough  to  be  present  in  the  Atane  IxhIs  of  western 
Greenland.  Fifteen  of  the  Bingen  plants  are  reconkxl  from  the 
Black  Creek  formation  of  the  (^irolinas  and  there  are  seventeen 
common  forms  in  both  the  Raritan  and  Ma^othy  formations  of 
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the  northern  Atlantic  coastal  plain.  This  serves  to  fix  the  age 
of  the  Bingen  within  the  somewhat  broad  limits  extending  from 
the  base  of  the  Raritan  to  the  base  of  the  Ripley.  The  chief 
interest  in  the  present  contribution  is,  however,  the  somewhat 
more  definite  indications  of  age  furnished  by  these  collections. 

The  first  two  localities,  namely  the  Big  Railroad  Cut  and 
Adams  Kaolin  cuts  in  Pike  County,  are  definitely  located  by  Mr. 
Miser  in  the  lower  part  of  the  upper  Bingen  and  I  shall  consider 
these  first.  A  total  of  nineteen  species  are  determined.  Of  these 
three  occur  in  the  Woodbine  and  fourteen  occur  in  the  Tuscaloosa, 
eleven  in  the  Raritan,  thirteen  in  the  Magothy,  eleven  in  the  Black 
Creek,  three  in  the  Eutaw  and  one  in  the  Ripley.  .  Among  the 
upper  Bingen  plants  are  eight  that  are  unknown  as  early  as  the 
Raritan.  This  fact  and  the  presence  of  the  ManihoUtes,  which  is  a 
characteristic  Eutaw  and  Ripley  species,  indicates  that  the  upper 
Bingen  is  to  be  correlated  with  a  part,  presumably  the  upper,  of 
the  Woodbine,  with  the  upper  part  of  the  Tuscaloosa  and  with  the 
Eutaw  formation  of  the  Eastern  Gulf  area. 

The  correlation  of  the  upper  Bingen  with  the  Eutaw  confirms 
the  suggestion  of  Veatch  that  it  represents  the  interval  during 
which  the  Eagle  Ford  formation  was  deposited  throughout  the 
Texas  area,  and  as  he  and  other  students  have  suggested  it  may 
include  the  chronologic  equivalent  of  still  higher  formations  dif- 
ferentiated in  Texas.  This  can  only  be  determined  paleo- 
botanically  by  the  discovery  of  more  abundant  materials  from  a 
number  of  horizons. 

The  locality  in  Howard  County  has  furnished  but  twelve 
species,  only  four  of  which  are  found  in  the  upper  Bingen.  It  has 
not  furnished  any  trace  of  the  Dewalquea  which  is  so  common  and 
characteristic  a  form  in  the  upper  Bingen  nor  are  any  of  the  four 
conifers  of  the  latter  represented.  Forms  like  Myrica  cinnamomi' 
folia  and  Liriodendron  quercifolium^  peculiar  to  the  Raritan,  indi- 
cate that  the  lower  Bingen  is  to  be  correlated  with  the  Raritan, 
the  lower  Tuscaloosa  and  a  part,  presumably  the  lower,  of  the 
Woodbine. 

The  boundaries  of  all  of  the  Upper  Cretaceous  formations  of 
the  Coastal  Plain,  determined  as  they  have  been  by  lithological 
differences  instead  of  by  their  contained  faunas  or  floras,  overlap, 
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and  the  limits  of  the  same  formation  are  not  chronologically 
coteiminous  when  traced  from  locality  to  locality,  so  that  final 
precision  in  correlation  must  wait  for  the  discovery  and  study  of 
abundant  paleontological  materials. 

The  species  that  have  been  determined  from  the  Bingen  sand 
are  discussed  in  the  following  pages.  This  discussion  is  in  most 
cases  brief  and  only  one  or  two  important  references  to  the 
literature  are  cited. 

FILICALES 

CYATHEACEAE 

DiCKsoNiA  Presl 

DiCKSONIA  GROENLANDICA   Heer 

Dkksonia  groenlandica  Heer,  Fl.  Foss.  Arct.  6*:  23.  pi.  35.  f.  8,  g. 

1S82. 
Dicksonia  horealis  Heer,  Ibid,  pi.  44,  f,  2. 
Anemia  stricta  Newberry,  Fl.  Amlx)y  Clays  38.  pL  j.  /.  /,  2.     1896. 

This  characteristic  species,  which  has  a  considerable  vertical 
range  in  the  Upper  Cretaceous  of  the  west  coast  of  Greenland, 
ia  common  in  the  middle  Raritan  of  New  Jersey  and  also  occurs 
in  the  lower  part  of  the  Tuscaloosa  formation  of  western  Alabama. 
It  is  sparingly  represented  in  both  the  lower  and  upper  Bingen  in 
Arkansas. 

Occurrence:  Kaolin  cuts  in  sec.  24  T8S.  R24.  \V,  Pike 
County;  Mine  Creek,  three  and  one  half  miles  north  of  Nashville, 
Howard  County. 

CYCADALES  (?) 

CYCADACEAE  (?) 

PoDozAMiTES  Fr.  Braun 

PODOZAMITKS   MARCINATUS    HctT 

Podatamites  marginaius  Heer,  Fl.  F'oss.  Arct.  6*:  43.  pi,  16,  f.  10. 

1S82. 

This  species  was  originally  dt*scrilK*d  from  the  Atane  IhhIs  of 
western  Greenland.  It  occurs  in  the  Raritan  formation  of  Now 
Jersey  and  Maryland,  in  the  Maguthy  formation  of  New  JerM  y. 
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and  is  very  common  in  the  lower  part  of  the  Tuscaloosa  formation 
in  western  Alabama. 

Occurrence:  Adams  Kaolin  cuts  near  Murfreesboro,  Pike 
County. 

PODOZAMITES   sp. 

Small  fragments  of  a  species  of  Podozamites  occur  in  the  collec- 
tion from  the  east  part  of  Section  2,  but  whether  they  represent 
Podozamites  marginatuSy  which  occurs  elsewhere  in  the  Bingen 
sand,  as  well  as  in  the  Tuscaloosa  formation  of  the  Extern  Gulf 
area,  or  some  other  of  the  numerous  Cretaceous  forms  referred  to 
this  genus  it  is  impossible  to  determine. 

Occurrence:  Mine  Creek,  three  and  one  half  miles  north  of 
Nashville,  Howard  County.. 

CONIFERALES 
PINACEAE 

Sequoia  Endlicher 
Sequoia  heterophylla  Velenovsky 

Sequoia  heterophylla  Velenovsky,  Gym.  Bohm.  Kreidef.  22.  pi.  12, 

f.  12;  pi,  13,  /.  2-4,  6-Q,     1885. 

This  characteristic  species,  described  originally  from  the 
Cenomanian  of  Bohemia,  may  be  readily  recognized  by  the  form 
of  the  foliage — the  flat,  lanceolate,  decurrent  leaves  above,  and 
the  short  and  appressed  leaves  below.  It  has  a  wide  geographical 
range  as  may  be  geen  from  the  accompanying  table  of  distribution. 
It  has  not  yet  been  found  but  probably  will  be  eventually  dis- 
covered in  the  Woodbine  sand,  since  it  is  not  uncommon  in  the 
Tuscaloosa  beds  of  western  Alabama. 

A  considerable  number  of  fragmentary  but  characteristic 
specimens  have  been  collected  from  near  the  base  of  the  upper  part 
of  the  Bingen  sand. 

Occurrence:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur,  Pike  County. 

Sequoia  concinna  Heer 
Sequoia  concinna  Heer,  Fl.  Foss.  Arct.  7:  13.  pL  4g,  /.  Sb^  c;  pi, 
50,  f.  lb;  pi,  SI,  f.  2-10;  pi,  52.  f,  1-3;  pi,  53,  f,  lb.     1883; 
Berry,  Geol.  Surv.  of  New  Jersey,  Bull.  3:  96.     191 1. 
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This  species  (Figs.  1-5)  was  described  by  Heer  from  the 
Patoot  beds  of  Greenland  and  has  subsequently  been  recorded 
from  the  Raritan  and  Magothy  formations  of  the  United  States 
and  from  the  Emschcrian  of  Italy.  The  foliage  is  distinguished 
with  difficulty  from  that  of  Sequoia  fastigiata  (Sternberg)  Heer, 
Sequoia  ambigua  Heer,  and  various  other  species.  In  the  absence 
of  well  preserved  cones  it  is  doubtful  if  the  8pecit*s  can  be  deter- 
mined. Similar  foliage  from  the  Tuscaloosa  formation  of  western 
Alabama  I  have  referred  to  Sequoia  fastigiata.  The  reference  of 
the  Bingen  sand  material  to  5.  concinna  rather  than  to  the  latter 
species  is  due  to  the  presence  of  cones  associated  with  the  twigs  in 
the  latter  formation. 

Occurrence:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur,  Pike  County. 

WiDDRiNGTONiTEs  Endlicher 

WiDDRINGTONITES   SUBTILIS  Heer 

Widdringtonites  subtilis  Heer,  Fl.  Foss.  Arct.  3*:  loi.  pi.  28.  f.  lb. 

1874.     Berry,  U.  S.  Dept.  Int.  Geol.  Surv.  Professional  Paper 

84:  25.  pi,  2.  f.  14-17.     1914. 

This  species  was  described  from  the  Atane  beds  of  Greenland 
by  Heer  in  1874.  His  material  was,  however,  extremely  limited. 
Subsequently  it  was  found  in  considerable  abundance  in  the 
Raritan  formation  of  New  Jersey,  and  still  more  recently  Hollick 
reconied  it  from  Marthas  Vineyard  and  Block  Island  (Magothy 
formation).  It  may  be  questioned  if  some  of  the  coniferous 
material  described  by  Velenovsky  from  the  Bohemian  Oetaceous 
under  other  names  should  not  l)e  compared  with  the  present  form. 
It  is  even  more  slender  than  Widdringtonites  Reichii^  with  much 
shorter  twigs,  which  have  the  appearance  of  having  l)een  somewhat 
lax  in  habit.  The  leaves  are  usually  more  elongated,  close  set, 
and  appressed,  narrowly  lanceolate,  straight  and  scalelike;  they 
arc  said  by  Heer  to  be  somewhat  spread  and  falcate  proximad. 
Remains  of  this  latter  sort  occur  in  the  Tustaloosa  formation  of 
Alat)ama  where  they  bear  characteristic  valvate  cones  like  tho>e 
of  the  existing  Widdringtonia. 

This  species  has  not  yet  been  discovered  in  the  \V<HHll»int'  siind 
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of  Texas  but  its  remains  are  very  abundant  in  the  lower  part  of 
the  upper  member  of  the  Bingen  sand. 

Occurrence:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur,  Pike  County. 

Araucaria  Jussieu 
Araucaria  darlingtonensis  Berry 

Araucaria  darlingtonensis  Berry,  U.  S.  Dept.  Int.  Geol.  Surv. 

Professional  Paper  84:  20,  pi,  j.f,  j.     1914. 

Seed  obovate  in  outline  with  broadly  rounded  apex,  straight 
lateral  margins,  and  somewhat  narrowed  rounded  base,  1.25  cm. 
in  length  and  0.75  cm.  in  width  across  the  widest  part,  0.5  cm. 
wide  at  base. 

This  species  was  based  on  the  seed  of  an  araucarian  conifer 
from  the  Middendorf  member  of  the  Black  Creek  formation  of 
South  Carolina  where  it  was  associated  with  the  foliage  of  Arau- 
caria bladenensis  Berry.  A  single  specimen  is  contained  in  the 
collection  from  the  basal  part  of  the  upper  member  of  the  Bingen 
sand. 

Occurrence:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur,  Pike  County. 

MYRICALES 

MYRICACEAE 

Myrica  Linn6 

Myrica  cliffwoodensis  Berry 

Myrica  cliffwoodensis  Berry,  Bull.  Torrey  Club  31:  73.  pL  4./.  /. 

1904. 

This  species  was  based  on  small  spherical  fruits  of  the  Myrica 
type  from  the  Magothy  formation  of  New  Jersey  which  were 
subsequently  found  in  the  Black  Creek  formation  of  North 
Carolina.  Similar  fruits  are  extremely  common  in  some  of  the 
pieces  of  clay  from  the  basal  part  of  the  upper  member  of  the 
Bingen  sand. 

Occurrence:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur,  Pike  County. 
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Myrica  cixnamomifolia  Newberry 
Myrica  cinnamomifoHa  Newberry,  Fl.  Amboy  Clays  64.  pi.  22, 

/.  9-14,     1896. 

The  finding  of  this  species  in  the  lower  member  of  the  Bingen 
sand  IS  of  considerable  interest  since  it  has  heretofore  been  known 
only  from  the  middle  part  of  the  Raritan  formation  in  the  New 
Jersey  area  where  it  is  not  uncommon.  Its  reference  to  the  genus 
Myrica  is  questionable. 

Occurrence:  Mine  Creek,  three  and  one  half  miles  north  of 
Nashvnile,  Howard  County. 

Myrica  lqnga  (Heer)  Heer 
Protmdes  longus  Heer,  Fl.  Foss.  Arct.  3*:  1 10.  pi.  2Q.f.  8b;  pi.  31. 

f.  4.  5.     1874. 
Myrica  longa  Heer,  Ibid.  6»:  65.  pi.  i8.  f.  9b;  pi.  29.  f.  15-17;  pi. 

33.  f.  10;  pi.  41.  f.  4d.     1883. 

Leaves  of  various  sizes,  linear  to  lanceolate  in  outline,  with  a 
stout  midrib;  numerous  thin,  ascending,-  camptodrome  second- 
aries; entire  margins,  obtusely  pointed  apex;  narrowly  decurrent 
base  and  long  stout  petioles. 

This  species  was  described  by  Heer  as  a  Proieoides  and  sub- 
sequently referred  to  the  genus  Myrica.  It  occurs  in  both  the 
Atane  and  Pa  toot  beds  of  Greenland,  in  the  Dakota  sandstones  of 
the  West,  in  the  Magothy  formation  of  Maryland,  in  the  Woodbine 
formation  of  Texas,  and  is  very  common  in  the  Tuscaloosa  forma- 
tion of  Alabama.  It  is  sparingly  represented  in  the  lower  member 
of  the  Bingen  sand.  Abroad  it  has  been  recorded*  from  the  lower 
Turonian  of  Bohemia. 

Occurrenxe:  Mine  Creek,  three  and  one  half  miles  north  of 
Nashville,  Howard  County. 

;SALICALES 
SALICACEAE 

Salix  Linn6 
Salix  FLExrosA  Newl)erry 
Salix  flexuosa  Newberry,  Later  Ext.  Floras  21.     18O8. 
SaUx  JUxuosa  Berry,  U.  S.  Dept.  Int.  (.'leol.  Surv.  Profc^Nional 
Paper  84:  32,  109.  pi.  7./.  14-16;  pi.  u.f.  /.     1014. 

•  Frii,  Archiv.  Nmturw.  LamJcs  Bohm.  4:  18.  v4      if^:4- 
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Leaves  narrow,  linear-lanceolate  in  outline,  equally  pointed  at 
both  ends,  short  petioled,  5-10  cm.  in  length  and  8-13  mm.  in 
maximum  width.  Margins  entire.  Midrib  stout  below,  tapering 
above,  often  somewhat  flexuous.  Secondaries  more  or  less  remote, 
about  ten  alternate  pairs,  branching  from  the  midrib  at  angles 
varying  from  thirty-five  to  forty-five  degrees,  camptodrome,  of 
fine  caliber,  often  obsolete. 

This  species  was  described  by  Newberry  from  the  Dakota 
sandstone.  Lesquereux  subsequently  made  it  one  of  the  varieties  of 
his  SaMx  proteaefolia,  although  it  is  obviously  entitled  to  inde- 
pendent specific  rank.  It  is  of  rare  occurrence  in  the  Raritan 
formation  of  New  Jersey,  and  is  preeminently  a  species  which 
characterizes  the  Magothy  formation  from  New  Jersey  to  Mary- 
land, and  homotaxial  horizons  to  the  southward.  It  is  recorded 
in  beds  of  Magothy  age  from  Marthas  Vineyard  to  the  Potomac 
River.  It  occurs  in  the  Black  Creek  beds  of  North  and  South 
Carolina,  and  in  the  Middendorf  member  in  the  latter  state. 
In  Georgia,  while  not  especially  abundant,  characteristic  leaves 
of  this  species  are  found  from  the  base  to  the  top  of  the  lower 
Eutaw  formation  in  the  western  part  of  the  state.  In  Alabama  it 
IS  very  common  at  a  relatively  large  number  of  localities  from  the 
base  to  the  top  of  the  Tuscaloosa  formation.  It  appears  to  be  a 
common  form  in  the  Bingen  sand  occurring  in  both  the  lower  and 
upper  members. 

Occurrence:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur;  Adams  Kaolin  cuts  near  Murfreesboro,  Pike  Count)*: 
Mine  Creek,  three  and  one  half  miles  north  of  Nashville,  Howard 
County. 

Salix  Lesquereuxii  Berry 

Salix  proteaefolia  Lesquereux,  Cret.  Fl.  60.  pi.  S*f*  1-4*     1^74' 
Salix  Lesquereuxii  Berry,  Bull.  Torrey  Club  37:  21.     1910. 

Leaves  ovate-lanceolate  in  outline,  somewhat  more  acu- 
minate above  than  below,  variable  in  size,  6-12  cm.  in  length 
and  1. 1-2.2  cm.  in  greatest  width,  which  is  usually  slightly  below 
the  middle.  Petiole  stout,  much  larger  than  in  Salix  flexuoso, 
ranging  up  to  1.2  cm.  in  length.  Midrib  stout  below,  tapering 
above.  .  Secondaries  numerous,  sometimes  as  many  as  twenty 
pairs;  they  branch  from  the  midrib  at  angles  of  about  forty-five 
degrees  and  are  parallel  and  camptodrome. 
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This  is  an  exceedingly  variable  species,  and  Lesquereux  estab- 
lished several  varieties  of  which  at  least  one,  f.  f .,  van  linearifolia, 
referable  to  SaUx  flexuosa  Newberry.  Some  of  Lesquereux's 
forms  are  distinguishable  with  difficulty  from  the  latter.  In 
general,  SaUx  Lesquereuxii  is  a  relatively  much  broader,  more 
ovate  form  with  more  numerous  and  better  seen  secondaries  and 
a  longer  petiole. 

This  species  is  an  exceedingly  abundant  Upper  Cretaceous  type 
in  both  the  East  and  the  West,  ranging  in  the  Atlantic  Coastal 
Plain  from  the  base  of  the  Raritan  formation  to  the  top  of  the 
Tuscaloosa  formation,  and  possibly  through  the  Eutaw  formation 
as  well.  It  is  abundant  in  the  Magothy,  Black  Creek,  and 
Middendorf  beds.  In  the  West  it  is  common  in  the  Dakota  sand- 
stone. It  is  one  of  the  forms  recorded  by  Kurtz  from  the  Upper 
Cretaceous  of  Argentina,  indicating,  if  the  identification  is  correct, 
a  very  considerable  migration  during  the  early  Upper  Cretaceous. 
In  Alabama  it  ranges  from  the  bottom  to  the  top  of  the  Tuscaloosa 
formation. 

It  has  not  yet  been  discovered  in  the  Woodbine  sand  of  Texas 
but  appears  to  have  been  common  in  the  upper  member  of  the 
Bingen  sand  of  Arkansas. 

Occurrence:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur;  Adams  Kaolin  cuts  near  Murfreesboro,  Pike  County. 

URTICALES 

MORACEAE 

Ficus  Linn6 

Ficrs  DAPHNcxiENOiDES  (Hcer)  Berry 

ProUoides  daphnogenoides  Heer,  Phyll.  Cr^t.  d.  Nebr.  17.  pi,  4. 

1866. 
Ficus  daphnogenoides  Berr>',  Bull.  Torrey  Club  32:  327.  pL  21. 

1905. 

This  species  has  been  found  to  Ik?  quite  variable  in  size,  ranging 
in  length  from  11  cm.  to  22  cm.  and  in  width  from  1.9  cm.  to  3.7 
cm.  It  is  usually  widest  in  the  lower  half  of  the  leaf,  although 
sometimes  the  base  is  quite  narrow  and  the  widcht  part  is  toward 
the  middle.     In  all  unequivocal  material  the  upfwr  half  of  the  leaf 
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is  narrow  and  is  produced  as  a  long,  slender,  often  recurved  tip, 
which  is  one  of  the  characteristic  features  of  the  species.  This 
tip  is  strictly  comparable  with  the  "dripping  points"  developed 
on  various  leaves  in  the  modern  tropics  where  precipitation  is 
heavy. 

Ficus  daphnogenoides  is  a  widespread  and  common  form  ranging 
from  Marthas  Vineyard  to  Texas  in  eastern  North  America,  and 
from  Northwest  Territory  to  Kansas  and  Nebraska  in  the  Western 
Interior.  It  occurs  in  the  Woodbine  sand  of  northeastern  Texas 
and  in  the  Tuscaloosa  formation  of  the  Eastern  Gulf  area. 

Occurrence:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur,  Pike  County. 

Ficus  crassipes  (Heer)  Heer 
Proteoides  crassipes  Heer,  Fl.  Foss.  Arct.  3*:  no.  pLji.f.  6Sa. 

1874.      ' 
FicMS  crassipes  Heer,  Ibid.  6^:  70.  pi.  i^.f.  ga;  pi.  24.  f.  /,  2.     1882. 

Leaves  entire,  narrowly  lanceolate  in  outline,  about  equally 
tapering  to  the  acuminate  apex  and  base.  Length  12-20  cm. 
Greatest  width,  which  is  in  the  middle  part  of  the  leaf,  1.8-2.5  cm. 
Texture  coriaceous.  Midrib  stout,  often  extraordinarily  so. 
Secondaries  thin,  open,  ascending,  camptodrome. 

This  species  was  described  originally  from  the  Atane  beds  of 
western  Greenland,  the  first  rather  fragmentary  specimens  col- 
lected suggested  a  relationship  with  the  genus  Proteoides.  Sub- 
sequently the  original  describer  referred  it  to  Ficus^  where  it 
undoubtedly  belongs.  Lesquereux  has  recorded  it  from  the 
Dakota  sandstone  and  it  is  common  in  the  Magothy  formation  of 
the  northern  Atlantic  Coastal  Plain,  and  in  the  Black  Creek 
formation  of  North  Carolina.  It  persists  into  the  Eutaw  formation 
of  Georgia  and  is  especially  common  in  the  Middendorf  beds  of 
South  Carolina.  It  is  not  especially  common  in  the  Tuscaloosa 
formation,  and  is  a  species  which  is  especially  characteristic  of 
the  post-Raritan  and  pre-Montana  horizons  of  eastern  North 
America.  It  has  not  yet  been  discovered  in  the  Woodbine  sand 
of  Texas  but  is  present  in  both  the  lower  and  upper  members  of 
the  Bingen  sand  of  Arkansas. 

Occurrence:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur;   Adams  Kaolin  cuts  near  Murfreesboro,  Pike  County; 
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Mine  Creek,  three  and  one  half  miles  north  of  Nashville,  Howard 
County. 

Ficus  OVATIFOUA  Berry  (?) 

Ficus  ovata  Newberry,  Mon.  U.  S.  Geol.  Surv.  26:  70.  pL  24,  f,  i-j. 

1896.     Not  Don,  1802-3. 
Fkus  ovaHfoUa  Berry,  Bull.  Torrey  Club  36:  253.     1909. 

Leaves  ovate  in  outline,  extended  aboVe  into  a  narrow,  usually 
pointed  apex.  Length  8-12  cm.  Greatest  width,  which  is  in  the 
basal  part  of  the  leaf,  4-7  cm.  Base  broadly  rounded  and  in 
many  specimens  slightly  decurrent.  Margins  entire.  Primaries, 
three  from  the  base,  the  midrib  somewhat  stouter  than  the  lateral 
primaries.     Secondaries  camptodrome. 

This  species  is  closely  allied  to  the  Raritan  species  Ficus 
Woohoni  Newberry,  differing  primarily  in  its  greater  elongation 
and  in  the  tendency  of  the  former  to  a  cordate  outline.  Ficus 
ovaiifalia  was  described  originally  from  the  Raritan  formation  of 
New  Jersey.  It  is  present  in  the  Black  Creek  formation  of  North 
Carolina  and  in  the  Eutaw  formation  in  Georgia  and  Tennessee. 
The  Bingen  material  is  fragmentary  and  not  certainly  identified. 

Occurrence:  Mine  Creek,  three  and  one  half  miles  north  of 
Nashville,  Howard  County. 

RANALES 

RANUNCULACEAE  (?) 

Dewalquea  Sapor ta  &  Marion 

Dewalquea  insigniformis  sp.  nov. 

Leaves  digitate,  of  probably  five  leaflets.  Leaflets  linear- 
acuminate  with  prominently  serrate  margins.  Length  about  12 
cm.  Maximum  width  mostly  1-1.25  cm.,  at  or  slightly  above  the 
middle.  Base  ver>'  gradually  narrowed  and  with  entire  margins 
for  a  distance  of  about  2  cm.  Midrib  stout,  prominent  on  the 
under  surface  of  the  leaflets.  Secondaries  numerous,  diverging 
from  the  midrib  at  angles  of  from  thirty  to  forty  degret*s,  long 
ascending  and  eventually  camptodrome,  sending  off  small  out- 
wardly directed  branches  to  the  marginal  teeth.  Texture  cori- 
aceous.   [Figs.  6,  7.) 

This  characteristic  new  sjK^cies  with  its  coriaccH)us  texture  mu>t 
have  had  rather  stiff  strict  leaves  in  life.     It  adds  to  our  flora 
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another  form  of  the  curious  genus  Dewalquea  that  is  such  a 
striking  element  in  the  Upper  Cretaceous  and  Lower  Ek)cene.  The 
only  known  American  species  that  resembles  this  new  form  in  any 
respect  is  Dewalquea  Smithi  Berry*  of  the  Tuscaloosa  and  Black 
Creek  formations.  The  latter  is  much  larger  with  relatively 
broader  leaflets  which  have  less  prominently  serrate  margins  and 
partially  craspedodrome  venation. 

Dewalquea  insigniformis  is,  however,  as  its  name  indicates, 
very  much  like  Dewalquea  insignis  Hosius  and  V.  d.  Marck.f 
a  prominent  species  in  the  Campanian  and  Maestrichtian  sub- 
stages  of  Europe.  The  latter  has  relatively  broader,  less  promi- 
nently toothed  leaflets,  sometimes  as  many  as  seven  in  number, 
and  the  venation  is  said  to  be  craspedodrome.  The  latter  is, 
however,  a  character  of  slight  value  since  entire  and  toothed 
leaflets  generally  occur  together  and  I  imagine  that  Dewalquea 
insignis  is  merely  a  serrate  form  of  the  associated  Dewalquea 
haldemiana  Saporta  and  Marion.  If  the  latter  had  prominent 
serrate  teeth  added  it  would  be  identical  with  Dewalquea  insigni- 
formis. 

The  latter  is  represented  by  a  large  number  of  fragmentary 
specimens  from  the  upper  member  of  the  Bingen  sand  the  most 
perfect  of  which  is  shown  in  solid  black  in  the  accompanying  figure. 

Occurrence:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur;  Adams  Kaolin  cuts  near  Murfreesboro,  Pike  County. 

MAGNOLIACEAE 

LiRiODENDRON  Linn6 

LiRiODENDRON  Meekii  Hcer 

Liriodeiidrofi  Meekii  Heer;   Meek  &  Hayden,  Proc.  Phila.  Acad. 

Sci.  id:  265.     1858;    Phyll.  Cr6t.  d.  Nebr.  21.  pi.  4.  f.  j,  4. 

1866. 

Leaves  of  relatively  small  size,  more  or  less  panduriform  in 
outline  (described  by  Newberry  as  three-lobed  with  the  median 
lobe  emarginate).  Length  along  the  midrib  5-10  cm.,  usually 
about  5  cm.,  the  Alabama  specimen  being  4.7  cm.  Greatest 
width,  which  is  toward  the  base  of  the  leaf,  2.4-7  cm.,  averaging 

*  Berry,  E.  W.     Torreya  lo:  34-38./.  /.     1910. 

t  Hosiu3  &  v.  d.  Maxck.  Palaeontographica  26:  172.  pi.  32.  f.  iti-113;   pU  jj 
f.  100;  pi.  34- f'  no;  pi.  35' f'  123'     1880. 
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about  4  cm.,  the  Alabama  specimen  being  4.3  cm.  Lobes  more  or 
lev  well  marked,  the  basal  pair  directed  laterally,  and  broadly 
rounded,  the  upper  pair  directed  diagonally,  usually  less  well 
marked,  rounded  at  the  outside  and  inclined  toward  angularity 
at  the  tip.  Lateral  sinuses  more  or  less  indented  in  the  typical 
ft)rms,  such  as  the  Alabama  specimen  figured,  extending  nearly 
half  way  to  the  midrib  and  broadly  rounded.  Apical  sinus  wide 
and  open,  usually  cuneate  in  outline.  Base  somewhat  descending 
close  to  the  midrib,  broadly  and  somewhat  curved-cuneate.  Mid- 
rib stout,  straight,  or  somewhat  curv^ed.  Secondaries  thin,  par- 
allel, about  six  pairs  branching  from  the  midrib  at  angles  of  over 
45  degrees  and  gently  curving  upward  toward  their  extremities, 
probably  camptodrome,  their  ultimate  course  not  made  out. 

The  mid-Cretaceous  leaves,  variously  described  as  Liriodendron 
Xferkii,  L.  primaevum,  L.  semialatum,  and  L.  simplex,  are  in  a  state 
of  almost  hopeless  confusion,  due  largely  to  the  difficulty  of  deter- 
mining the  specific  lines  of  cleavage  in  a  probably  genetic  and 
variable  series  of  forms. 

Liriodendron  Meekii  was  described  by  Professor  Heer  in  1858, 
from  the  Dakota  sandstone  of  Nebraska,  in  an  appendix  to  a 
paper  by  Meek  and  Hayden.  It  was  descril>ed  as  trilobate  and 
was  figured,  but  was  compared  with  the  European  Liriodendron 
Procacinii  Unger  and  with  the  Wvxng  Liriodendron  Tulipif era  L\nn(^. 
In  1866  the  same  author  returns  to  this  subject,  figuring  the  two 
well-known  specimens,  which  figures  have  been  reproduct*d  by 
l)Oth  Lesquereux  and  Newberry.  It  would  seem  that  this  form 
mubt  l>e  considered  as  the  t>'pe  of  this  sj>ecies  and  the  present 
writer  so  considers  it.  However,  Heer,  in  describing  the  Atane 
flora  of  Greenland  in  1882,  in  returning  to  this  subject,  considers 
this  form,  as  well  as  various  simple  emarginate  Liriodendropsis- 
like  forms,  as  different  varieties  of  Liriodendron  Meekii,  and  in 
this  he  was  subsequently  followed  by  LeMjuereux,  but  not  by 
Neuberry,  who  insisted  ujx>n  the  distinctness  of  the  lobate  form. 
\Vc  find  one  of  these  varieties  of  IUht's  Liriodefidron  Meekii 
lenuina  which  may  belong  here,  although  the  leaves  are  excep- 
tionally large  and  poorly  preserved.  Another  variety,  Lirioden- 
dron Meekii  primaeva,  includes  the  slightly  lobate  forms  suhx.*- 
quently  referred  to  Liriodendron  primaexum  Newherrv'.  It  would 
seem  that  the  small  entire  retuse  leaves  which  have  been  variously 
referred  to  Leguminosites,  Bumdia,  Bignonia,  Liriodendron  Meekii, 
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and  L.  pritnaevum,  as  well  as  to  Liriodendron  simplex  and  to  the 
genus  Liriodendropsis,  are  more  probably  allied  to  the  Legumi- 
noseae  than  to  Liriodendron^  and  they  are  so  considered  in  the 
present  study.  On  the  other  hand,  Liriodendron  Meekii  is  re- 
stricted to  include  only  such  lobate  forms  as  do  not  seem  to  be 
specifically  distinct  from  the  originally  figured  types,  and  with 
them  are  merged  those  forms  usually  referred  to  Liriodendron 
primaevum  Newberry,  which  are  simply  variants  of  the  type  just 
mentioned  with  less  prominently  developed  lobes. 

As  here  delimited  the  species  is  found  in  the  Dakota  sandstone, 
in  the  Raritan  formation,  or  possibly  the  Magothy  formation 
(morainic  material)  on  Staten  Island,  somewhat  doubtfully  in  the 
Atane  beds  of  Greenland,  doubtfully  in  the  lower  part  of  the 
Black  Creek  formation  of  North  Carolina,*  positively  in  the  lower 
part  of  the  Alabama  Tuscaloosa,  and  doubtfully  in  the  South 
American  Cretaceous  and  in  the  Cenomanian  of  Saxony. 

Ck:cuRRENCE:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur,  Pike  County. 

Liriodendron  quercifolium  Newberry 

Liriodendron  quercifolium   Newberry,  Bull.  Torrey  Club  14:   6. 

pi.  62.  f,  /.     1887;  Fl.  Amboy  Clays,  81.  pU  51.  f.  1-6:    1896. 

Leaves  oblong  in  general  outline,  of  large  size,  pinnately 
divided  by  narrow  sinuses  into  from  two  to  four  lateral  lobes. 
Apex  emarginate.  Base  truncate  to  somewhat  cordate.  Length 
along  the  midrib  7-9  cm.  and  probably  considerably  greater  in 
some  specimens  since  one  fragment  measures  12  cm.  in  width. 
Width  in  perfect  specimens  about  9  cm.  Lateral  lobes  ovate  in 
outline  with  very  acute  tips,  sometimes  narrowed  proximad  giving 
them  an  almost  obovate  outline ;  intervening  lateral  sinuses  narrow 
and  deeply  cut,  in  some  instances  reaching  nearly  to  the  midrib, 
rounded. 

In  some  specimens  only,  two  main  lobes  are  developed  on 
each  side,  which  are  then  quite  similar  to  the  typical  modem 
leaf.  In  these  cases,  however,  the  upper  lobes  are  divided  by  a 
shallow  sinus  into  two  sharp  lobules.  Other  specimens  show 
three  lobes  of  equal  magnitude  on  each  side,  while  one  of  the  best 
specimens  has  four  nearly  equal  lobes  on  each  side,  the  basal  and 

♦  Berry,  Bull.  Torrey  Club  34:  197.     1907. 
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apical  pairs  being  somewhat  shorter  than  the  medial  pairs.  This 
form  of  leaf  is  very  suggestive  of  some  species  of  Quercus,  but  its 
variations,  as  well  as  its  venation,  show  that  it  is  related  to 
Liriodendron.  The  petiole  is  preserved  for  a  considerable  length 
and  is  very  stout,  as  is  the  midrib.  There  is  one  main  secondary 
traversing  each  lobe  and  running  directly  to  its  apical  point. 
In  addition  there  are  one  or  more  camptodrome  secondaries  in 
each  lobe  which  anastomose  with  branches  from  the  main  second- 
ary, their  number  being  dependent  upon  the  relative  width  of 
the  lobe;  they  branch  from  the  midrib  at  angles  of  about  sixty 
degrees. 

At  first  sight  this  species  appears  to  differ  considerably  from 
Liriodendron  oblongifoUum  and  from  the  modem  form,  but  this 
difference  is  not  nearly  as  great  as  it  seems,  and  it  is  probable  that 
Liriodendron  quercifolium  is  simply  a  variation  from  the  common 
ancestor  of  the  two  species  in  the  direction  of  Liriodendron  pinnati- 
fidum  Lesq.  Numerous  leaves  of  the  modem  tree  can  be  found 
with  an  incipient  lobation  suggesting  Liriodendron  quercifolium. 
In  these,  however,  the  sinus  is  comparatively  shallow  and  rounded, 
so  that  the  general  appearance  of  the  two  is  not  markedly  similar. 

Occurrence:  Mine  Creek,  three  and  one  half  miles  north  of 
Nashville,  Howard  County. 

MENISPERMACEAE 

Menispermites  Lesquereux 

Meniq>ermites  integrifolia  sp.  nov. 

Leaves  deltoid-ovate  in  outline,  with  a  short  sharply  pointed 
apex  and  a  tmncate  or  slightly  cordate  peltate  base.  Length 
about  6.5  cm.  Maximum  width,  in  the  basal  part  of  the  leaf, 
about  6.5  cm.  Margins  entire,  full  and  rounded.  Texture  sub- 
coriaceous.  Petiole  missing.  Midrib  stout,  enlarges  proximad. 
Lateral  primaries  subopposite,  suprabasilar,  but  slightly  differ- 
entiated from  true  secondarii^s,  of  which  they  constitute  the  second 
pair:  they  diverge  from  the  midrib  at  angles  of  about  forty-five  de- 
grecsor  slightly  more,are  relatively  straight  for  more  than  half  of  the 
distance  to  the  margin  where  they  curve  upward  and  arc  eventually 
camptodrome.  Secondaries  well  marktxi,  four  or  five  opposite 
to  alternate  pairs,  irregularly  s[)ace<l,  one  pair  below  the  primaries, 
camptodrome.     Primaries  give  off  on  their  outer  sides,  thrt*e  to 
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five  curved   camptodrome   laterals.     Tertiaries   thin   percurrent 
with  occasional  laterals  from  midrib  parallel  with  secondaries. 

The  present  species  is  not  at  all  trilobate  as  are  some  of  the 
Dakota  sandstone  species,  from  which  it  also  differs  in  having 
camptodrome  instead  of  craspedodrome  lateral  primaries.  Among 
described  forms  it  is  like  some  of  the  New  Jersey  Raritan  leaves 
that  Newberry  referred  to  Menispermites  horealis  Heer,  without 
greatly  resembling  the  type  material  of  the  latter  species.  The  most 
similar  figured  form  is  Newberry's  pi.  50.  fig,  2,  Fl.  Amboy  Clays, 
which  differs  from  the  present  species  in  its  inequilateral  form. 
Superficially  Menispermites  integrifolia  suggests  the  associated 
Cordia  apiculata  (Hollick)  Berry,  differing  especially  in  its  peltate 
base.  It  may  be  also  compared  with  various  Upper  Cretaceous 
leaves  commonly  referred  to  Populus,  some  of  which  have  been 
referred  by  various  students  to  Cocculus,  The  latter  genus  seems 
to  be  the  closest  to  the  fossil  but  in  view  of  the  uncertainty  of  such 
a  reference  Menispermites  will  serve  equally  well  as  a  generic 
designation  for  leaves  of  the  family  Menispermaceae. 

The  present  species  is  represented  by  incomplete  specimens  in 
the  upper  member  of  the  Bingen  sand  which  it  is  inadvisable  to 
figure.  The  foregoing  description  is  based  on  the  complete  type 
material  from  the  Tuscaloosa  formation  of  Alabama  which  will 
be  figured  in  a  report  on  the  Cretaceous  Floras  of  the  Eastern 
Gulf  region  now  going  through  the  press  of  the  United  States 
Geological  Survey. 

Occurrence  :  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur,  Pike  County. 

ROSALES 

LEGUMINOSAE 

Colutea  Linn6 

Colutea  primordialis  Heer 

Colutea  primordialis  Heer,  Fl.  Foss.  Arct.  6^:  99.  pi,  27.  /.  7-11; 

pL43'f'7^S.     1882. 

This  species  was  described  from  the  Atane  beds  of  west  Green- 
land and  subsequently  recorded  from  the  Dakota  sandstone  of 
Kansas,  the  Raritan  formation  of  New  Jersey,  and  the  Magothy 
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formation  of  Marthas  Vineyard,  Long  Island  and  Maryland.  It  is 
represented  by  a  single  specimen  in  the  collection  from  the  upper 
meml>er  of  the  Bingen  sand. 

Occurrence:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur,  Pike  County. 

Leguminosites  Bowerbank 
Leguminosites  omphalobioides  Lesquereux 

Leguminosites  omphalobioides  Lesquereux,  Mon.  U.  S.  Geol.  Surv. 

17:  149.  p'.  J*./.  4.     1892. 

Leaflets  elliptical  in  outline,  3.2-4  cm.  in  length  by  1. 5-1. 7  cm. 
in  greatest  breadth,  which  is  about  half-way  between  the  apex 
and  the  base.  Texture  subcoriaceous.  Apex  rather  broadly 
rounded.  Base  slightly  narrowed  and  decurrent  to  the  point  of 
attachment.  Lesquereux  speaks  of  a  short  petiole,  but  this  is 
lacking  in  his  t>'pe  figure  and  in  all  the  specimens  examined  by 
the  writer.  The  midrib  is  not  especially  wide,  but  is  quite 
prominent.  The  secondaries  are  thin  and  alternate;  they  number 
about  six  pairs,  and  brahch  from  the  midrib  at  angles  of  fifty 
degrees,  or  somewhat  less,  curving  upward  close  to  the  margins, 
camptodrome. 

This  species  was  described  originally  from  the  Dakota  sand- 
stone of  Kansas,  and  subsequently  found  in  the  Magothy  forma- 
tion of  Maryland  and  the  Tuscaloosa  formation  of  Alabama.  It 
is  represented  by  a  single,  but  characteristic  specimen  in  the 
collection  from  the  upper  member  of  the  Bingen  sand. 

Occurrence:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur,  Pike  County. 

GERANIALES 

EUPHORBIACEAE 

Manihotites  Berry 

Manihotites  gp:orgiana  Berry 

Manihotiies  georgiana  Berry,  Bull.  Torrey  Clul)  37:  507.  /.  /,  2. 
1910;  U.  S.  Dept.  Int.  Geol.  Surv.  Professional  PajxT  K4:  114. 

pis.  22;  23;  24.  f.  4.  5'     1914. 

Leaves  of  extraordinarily  large  size.  36-48  cm.  across,  lulmately 
and  deeply  lobate,  the  main  lol)es  dichotomously  sublobate.     Base 
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missing,  probably  peltate.  Margins  entire,  more  or  less  undulate. 
Texture  coriaceous.  Venation  coarse.  Five  or  six  stout  primaries 
diverge  at  acute  angles  from  the  top  of  the  petiole  and  fork  dichot- 
omously  about  5-6  cm.  above  their  base  at  angles  of  thirty  to  fifty 
degrees.  These  branches  may  again  fork  dichotomously  in  a 
distance  of  4-6  cm.,  or  may  not  give  off  any  branches,  or  the 
branches  may  be  clearly  subsidiary  in  size  and  run  to  the  apex 
of  a  subordinate  lobe.  There  are  a  sparse  number  of  relatively  fine 
secondaries,  which  diverge  at  angles  of  about  forty-five  degrees  or 
more  and  are  apparently  camptodrome.  In  each  of  the  large 
specimens  a  straight  vein  of  secondary  size  runs  directly  to  the 
base  of  a  single  main  sinus.  It  is  possible  that  this  vein  diverges 
along  the  margin  in  a  vein  which  forms  a  marginal  hem,  as  in  the 
sinuses  of  lobed  sassafras  leaves,  but  such  a  vein  can  not  be  made 
out,  although  at  one  point  there  is  such  a  marginal  vein  connected 
with  the  main  venation  by  straight  transverse  tertiaries.  Deep 
and  narrow  but  rounded  sinuses  ajDproach  within  3-5  cm.  of  the 
base  and  divide  the  leaf  into  five  or  more  major  lobes;  these  are 
subdivided  by  more  or  less  deep  sinuses  of  a  similar  character  into 
inequilateral,  ovate  lanceolate,  obtusely  pointed  subordinate  lobes. 

This  remarkable  species  was  described  from  perfect  material 
from  the  lower  Eutaw  of  western  Georgia  although  the  leaves  are 
so  large  that  it  is  usually  represented  by  fragmentary  specimens. 
It  occurs  in  the  Eutaw  and  Ripley  of  western  Tennessee,  in  the 
Ripley  of  Georgia  and  in  the  Black  Creek  formation  of  North 
Carolina.  Several  broken  specimens  have  been  collected  from  the 
upper  member  of  the  Bingen  sand. 

Occurrence:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur,  Pike  County. 

SAPINDALES 

SAPINDACEAE 

Sapindus  Linn6 

Sapindus  Morrisoni  Heer 

Sapindus  Morrisoni  Heer,  Fl.  Foss.  Arct.  6':  96.  fi.  40.  f,  i;  pi.  41. 

f'  3;  pl'  43  J'  icL.  b;  pL  44.  f.  7,  8.     1882;  Ibid.  7:  39-  pl-  65. 

IS'     1883. 

Leaflets  of  variable,  usually  large  size,  lanceolate  and  more  or 
less  inequilateral  in  outline,  with  a  broadly  cuneate  or  rounded 
base  and   a   pointed   tip.     Petiolulate.    Texture  subcoriaceous. 
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Margins  entire.    Midrib  stout,  curved.    Secondaries  numerous, 
camptod  rome* 

The  present  species  was  described  originally  by  Heer,  to  whom 
it  must  be  credited,  from  west  Greenland  although  based  on 
Leaquereux's  manuscript  which  appeared  in  print  the  following 
year.  It  is  common  in  the  Dakota  sandstone  and  in  the  Magothy 
formation  of  the  northern  Atlantic  coastal  plain  and  occurs  in  the 
Woodbine  formation  of  the  Western  Gulf  area,  and  the  Tuscaloosa 
formation  of  the  Eastern  Gulf  area.  Not  uncommon  in  both  the 
lower  and  upper  members  of  the  Bingen  sand. 

Occurrence:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur,  Pike  County:  Mine  Creek,  three  and  one  half  miles 
north  of  Nashville,  Howard  County. 

THYMELEALES 

LAURACEAE 

CiNNAMOMUM  Blume 

CiNNAMOMUM  Newberryi  Berry  (?) 

Cinnamomum  intermedium  Newberry,  Fl.  Araboy  Clays,  89.  ^.  2g. 

/.  j-8,  JO.     1896.    Not  Ettingshausen. 
Cinnamomum  Newberryi  Berry,  Bull.  Torrey  Bot.  Club  38:  423. 

1911. 

This  widespread  species  has  a  considerable  geological  as  well  as 
geographical  range.  Found  from  western  Greenland  to  Kansas, 
Iowa  and  Alabama  it  ranges  from  the  lower  Raritan  upward  to 
the  lower  Eutaw.  It  is  common  in  the  lower  Tuscaloosa  of 
western  Alabama  and  is  only  doubtfully  identified  from  the  lower 
member  of  the  Bingen  sand. 

Occurrence:  Mine  Creek,  three  and  one  half  miles  north  of 
Nashville,  Howard  County. 

ERICALES 

ERICACEAE 

Andromeda  Parlatorii  Heer 

Andromeda  Parlatorii  Heer,  Phyll.  Cret.  d.  Nebr.  18.  pL  i.f.  5. 
1866. 
The  species  is  found  from  Greenland  to  Nebraska  and  Alabama, 
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and  from  the  Raritan  upward  to  the  Black  Creek  formation. 
It  is  common  in  the  Tuscaloosa  formation  of  western  Alabama 
but  has  not  heretofore  been  collected  from  the  Upper  Cretaceous 
of  the  Western  Gulf  area.  It  is  present  in  the  lower,  but  has  not 
as  yet  been  recognized  in  the  upper  member  of  the  Bingen  sand. 
Occurrence:  Mine  Creek,  three  and  one  half  miles  north  of 
Nashville,  Howard  County. 

Andromeda  novae-caesareae  HoUick 

Andromeda  novae-caesareae  Hollick;   Newberry,  Mon.  U.  S.  Geol. 

Surv.  26:  121,  pi.  42.  f,  Q-12,  28-31.     1896;  Berry,  U.  S.  Dept. 

Int.  Geol.  Surv.  Professional  Paper  84:  58,  120.  pi,  14,/,  5,  6; 

pi.  24.  f.  I.     1914. 

Leaves  small,  thick,  and  entire,  with  stout  petioles  and  midribs 
and  obscure  secondary  venation  which  is  immersed  in  the  thick 
lamina.  Length  2.5-5.0  cm.  Width  varying  from  0.9-1.3  cm. 
Venation,  where  visible,  showing  numerous  parallel,  camptodrome, 
relatively  long  and  thin  secondaries  which  branch  from  the  midrib 
at  acute  angles.  While  the  majority  of  these  leaves  are  equally 
acuminate  at  both  ends  there  is  considerable  variation  in  this 
respect,  and  a  well-marked  tendency  is  shown  in  a  considerable 
number  of  specimens  which  are  relatively  broader,  especially  in 
the  upper  half,  toward  an  obtusely  rounded  apex,  the  termination 
of  the  midrib  showing  as  a  small  mucronate  point.  The  base  in 
these  forms  gradually  narrows  to  the  stout  petiole. 

This  species  is  found  as  early  as  the  uppermost  Raritan  in  the 
New  Jersey  area  and  is  also  common  in  the  everlying  Magothy. 
It  is  exceedingly  common  throughout  the  Black  Creek  formation 
of  the  Carolinas  and  has  also  been  recorded  from  the  Cusseta 
sand  member  of  the  Ripley  formation  in  Georgia,  and  from  the 
Eutaw  formation  of  Tennessee.  It  occurs  also  in  the  Woodbine 
of  Texas  and  the  Tuscaloosa  of  Alabama  so  that  it  is  apparently 
a  form  with  a  wide  stratigraphic  range. 

Occurrence:  Mine  Creek,  three  and  one  half  miles  north  of 
Nashville,  Howard  County. 
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POLEMONIALES 

BORAGINACEAE 

Cordia  Linn6 

CoRDLA  APicuLATA  (HolHck)  BeiTy 

Populus  apiculata  HolHck,  Trans.  N.  Y.  Acad.  Sci.  la :  4.  pi.  j.f.  2. 

1892. 
Cordia  apiailala  Berry,  Md.  Geol.  Surv.  Upper  Cretaceous,  897. 

pi.  go,  f.  6.     1916. 

Lea\'es  variable  in  size  and  shape,  ovate  to  orbicular  in  general 
outline,  5-10  cm.  in  length  by  3-7  cm.  in  maximum  width,  which 
is  at  or  below  the  middle.  Apex  usually  somewhat  abruptly 
produced  into  an  acuminate  tip.  Base  cuneate  and  slightly 
decurrent  to  rounded  or  almost  truncate.  Margins  entire,  some- 
times slightly  repand.  Petiole  of  medium  length,  stout.  Midrib 
mediumly  stout,  often  flexuous.  Secondaries  five  or  six  pairs,  sub- 
opposite  below,  alternate  above,  slender,  branching  from  the  mid- 
rib at  angles  of  from  forty-five  to  fifty  degrees  and  arching  upward, 
camptodrome.  Tertiaries  camptodrome  in  the  marginal  region, 
percurrent  internally. 

This  species  in  all  its  characters  suggests  most  strongly  the 
existing  Cordia  sebestena  Linn6  which  ranges  from  the  Florida 
Key*^  to  New  Guinea.  It  also  suggests  Cordia  tremula  Griesbach 
of  the  West  Indies,  and  there  is  a  general  generic  likeness  to  various 
other  existing  species  of  this  genus.  Cordia  leaves  are  variable 
and  tend  to  have  more  or  less  toothed  margins  as  is  sometimes  the 
case  in  Cordia  sebestena,  but  they  are  in  general  entire  or  slightly 
repand,  and  like  the  fossil  somewhat  variable.  Cordia  is  certainly 
represented  in  the  Lower  Eocene  flora  of  the  Gulf  region  by  forms 
that  may  be  descendants  of  this  Upper  Cretaceous  species.  The 
present  form  has  been  recorded  from  New  Jersey,  Staten  Island, 
Long  Island,  and  Delaware,  and  is  not  rare  in  the  lower  be<is  of 
the  Tuscaloosa  formation  in  the  Alabama  region. 

Represented  by  a  single  si)ecimen  in  the  present  collection 
from  the  upper  member  of  the  Bingen  sand. 

f)ccuRRENCE:  Big  Railroad  Cut,  one  mile  southwest  of  Max- 
well Spur,  Pike  County. 

Johns  Hotkins  I'sivbrsity, 
Baltimorb 
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Hxplanatloti  of  plate  4> 

Sequoia  concinna  Heer 
Fig.  I.    Foliage  from  the  Bingen  sand. 
Fig.  9.    Cone  from  the  Bingen  sand.. 

Figs.  3-5.    Heretofore  unfigured  cones  from  the  Magothy  formation  at  Cliff- 
wood  Bluff.  New  Jersey. 

DswALQUBA  insigniformis  Berry 
Fig.  6.    Showing  the  leaf  habit. 
Fig.  7.    Showing  venation,  X  3« 
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Notes  on  the  genus  Herberta.  with  a  revision  of  the  species  known 
from  Europe,  Canada  and  the  United  States'^ 

Alxxandbr  W.  Evans 

(with  plate  8  AND  IQ  TEXT  riGURES) 

Introduction 

The  genus  Herberta  (or  Herbertus,  as  it  was  originally  spelled) 
was  published  by  S.  F.  Gray  in  iSsi.f  It  was  named  in  honor  of 
George  Herbert,  one  of  the  patrons  of  Micheli,  and  was  based  on 
a  single  spedes,  the  Jungermannia  adunca  of  Dickson.  In  common 
with  Gray's  other  genera,  Herberta  was  ignored  by  botanical  writers 
until  Carruthers  called  attention  to  it  in  18654  Although  it  has 
since  been  accepted  more  or  less  widely  in  both  Europe  and 
North  America,  a  strong  tendency  has  recently  arisen  to  re- 
pudiate it.  This  is  largely  due  to  Gray's  unfortunate  practice  of 
giving  his  generic  names  a  masculine  termination,  even  when  he 
derived  them  from  the  names  of  persons.  As  Dumortier  expresses 
it,  they  are  the  names  of  men  and  not  of  plants.  Since,  however, 
a  change  from  a  masculine  to  a  feminine  termination  might 
readily  be  construed  as  the  correction  of  an  error  in  orthography, 
this  objection  seems  hardly  sufficient  to  justify  the  setting  aside 
of  Gray's  genera  altogether.  From  a  scientific  standpoint  the 
claims  of  Herberta  are  fully  as  good  as  those  of  many  other  genera 
which  are  accepted  without  question,  and  the  writer  is  therefore 
disposed  to  recognize  it,  at  least  for  the  present. 

A  year  after  the  appearance  of  Herberta,  Dumortier^  published 
his  genus  Schisma,  including  under  it  not  only  /.  adunca  but  also 
/.  juniperina  Sw.  and  /.  concinnata  Lightf.  Nine  years  later  he 
added  another  species,  S,  stramineum  Dumort.,||  but  excluded 
/.  concinnata,  making  it  the  type  of  his  new  genus  Acolea,    At 

*  CooCribotion  from  the  Osbom  Botanical  Laboratory. 
t  NeU  Arr.  British  PI.  i:  705.     i8ai. 
}  Jour.  Bot.  j:  300.     1865. 


iComm.  Bot.  114.     1822. 
ISyll.  Jane.  76.     1831. 
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that  time  he  was  undoubtedly  ignorant  of  Gray's  writings.  Many 
years  afterwards,  however,  in  his  last  published  work  on  the 
Hepaticae,*  he  quotes  Gray's  generic  names  as  synonyms,  refusing 
to  recognize  them  as  valid  on  account  of  their  masculine  form. 
In  the  present  instance  he  naturally  maintains  his  genus  Schisma, 
Gray's  genera  were  likewise  unknown  to  Nees  von  Esenbeck.  In 
the  first  volume  of  his  Naturgeschichte  der  europaischen  Leber- 
moose,  published  in  1833,  he  accepted  Schistna  as  valid  (p.  107). 
In  the  third  volume,,  published  in  1838,  he  suggested  that  it 
might  be  considered  a  section  of  his  genus  Mastigophora  (p.  573), 
although  he  continued  to  employ  Schisma  as  a  generic  name. 
The  inclusion  of  Schisma  under  Mastigophora  would  have  been 
quite  unwarranted  on  the  basis  of  priority.  The  latter  genus 
was  not  published  until  1833,  and  its  characters  were  completely 
revised  in  1835.  Schisma  therefore  antedates  it  by  more  than  a 
decade.  As  originally  defined  Mastigophora  was  essentially  the 
equivalent  of  the  genus  Lepidozia  Dumort.,  although  no  species 
were  definitely  assigned  to  it;  in  its  revised  form  it  was  made  to 
include  such  species  as  Jungermannia  diclados  Brid.  and  /.  Woodsii 
Hook.  At  the  present  time  it  is  accepted  by  most  writers  in  its 
revised  form. 

Nees  von  Esenbeck's  provisional  reduction  was  adopted 
definitely  by  the  authors  of  the  Synopsis  Hepaticarum  (1845), 
who  went  even  farther  than  he  and  included  both  Schisma  and 
Mastigophora  under  the  genus  Sendtnera  of  Endlicher,t  a  genus 
which  had  been  proposed  a  few  years  earlier  for  the  single  species 
Jungermannia  Woodsii.  On  account  of  the  high  position  which 
the  Synopsis  holds  in  the  literature  of  the  Hepaticae  the  name 
Sendtnera  was  acknowledged  for  many  years  as  the  correet  name 
for  the  combined  genus.  Now,  hqwever,  both  Schisma  and 
Mastigophora  are  universally  regarded  as  distinct,  and  the  name 
Schisma  is  employed  by  those  who  refuse  to  sanction  the  use  of 
the  name  Herberta, 

Of  the  eighteen  species  of  Sendtnera  given  in  the  Synopsis  only 
six  would  now  be  included  in  the  genus  Herberta.  In  Stephani's 
recent  monograph  of  the  genus  (under  the  name  Schisma),  pub- 

♦  Bull.  Soc.  Bot.  Belgique  13:  123.     1874. 
t  Gen.  Plant.  1342.     1840. 
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lished  in  1909,*  seventy-one  species  are  recognized.  According 
to  the  information  at  hand  four  species  have  since  been  described, 
making  seventy-five  in  all.  This  marked  increase  is  due  partly 
to  the  more  extensive  material  at  the  disposal  of  recent  writers 
and  partly  to  their  narrower  interpretation  of  species.  Of  the 
seventy-one  species  admitted  by  Stephani  nearly  all  have  a  very 
limited  geographical  range  and  no  fewer  than  fort>'-seven  are 
described  as  new.  Taking  into  account  the  species  of  his  mono- 
graph and  those  since  published,  two  are  restricted  to  Europe, 
thirteen  to  Africa  (including  the  Azores),  sixteen  to  Asia  (includ- 
ing the  Philippines),  seven  to  various  islands  of  the  Pacific,  ten  to 
tropical  North  America,  and  twenty-six  to  South  America;  Ste- 
phani gives  one  species  a  wider  range,  including  Samoa,  Tahiti, 
Haw*aii,  Japan,  and  Himalaya.  It  is  interesting  to  note  that  he 
accredits  no  species  to  North  America  north  of  Mexico,  although 
//.  adunca,  a  species  which  he  restricts  to  Europe,  has  been  re- 
peatedly reported  by  American  writers,  not  only  from  Alaska  and 
British  Columbia  but  also  from  the  eastern  United  States. 

The  species  of  Herberta  grow  on  rocks,  on  trees,  and  on  the 
ground  and  sometimes  form  extensive  mats  or  tufts.  In  the  tropics 
they  seem  to  be  confined  to  higher  altitudes,  but  the  few  species 
which  occur  in  temperate  and  frigid  regions  sometimes  descend 
to  the  level  of  the  sea,  this  being  true  in  both  hemispheres.  The 
plants  are  usually  marked  by  a  yellowish  or  brownish  color,  due  to 
a  pigmentation  of  the  cell  walls.  In  rare  cases  a  reddish  or 
purplish  tinge  is  present,  and  in  sheltered  stations  the  pigmentation 
may  be  so  slight  that  the  plants  appear  green. 

Notes  on  the  morphology  of  the  genus 
In  its  morphological  features  Herberta  is  one  of  the  most  clearly 
definetl  and  natural  genera  of  the  Hepaticae.  The  gametophyte 
consists  of  a  prostrate  rhizome  which  gives  rise*  to  numerous  stn  on- 
dary  stems.  These  sometimes  remain  simple,  even  when  they 
become  comparatively  long,  and  vsometimes  branch  sparingly. 
The  subequally  bifid  leavers  are  slightly  incul)Ous  while  the  under- 
leaves  are  strictly  transverse*,  and  yet,  since  the  underleaves  are 
nearly  or  quite  as  large  as  the  leaves  and  similar  to  them  in  mo-^t 
•  Sprc.  Hcpat.  4-  «-30.     iv<»0 
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other  respects,  the  shoots  appear  almost  radial  in  structure.  The 
inflorescence  is  invariably  dioicous.  The  androecium  is  at  first 
terminal  on  a  secondary  stem  or  one  of  its  branches  but  soon  pro- 
liferates, and  the  male  shoot  eventually  shows  a  series  of  short 
intercalary  androecia  separated  by  equally  short  sections  bearing 
normal  leaves.  The  archegonia  are  likewise  terminal  on  sec- 
ondary stems.  When  fertilization  takes  place  the  growth  of  the 
female  stem  is  usually  brought  to  an  end;  when  fertilization  does 
not  take  place  one  or  more  subfloral  innovations  may  be  pro- 
duced. The  involucre  is  composed  of  crowded  bracts  and  bracte- 
oles,  which  are  essentially  alike  and  not  very  different  from  the 
leaves,  while  the  perianth  is  deeply  laciniate  at  the  mouth  and  free 
or  nearly  so  from  the  bracts.  The  calyptra  and  the  sporophyte 
conform  to  the  usual  jungermanniaceous  type. 

The  rhizome  of  Herberta  was  apparently  overlooked  by  the 
older  writers.  Spruce,*  however,  calls  attention  to  it  and  to  the 
fact  that  it  may  bear  rhizoids,  while  Stephani  mentions  its  small 
diameter  and  copious  branching.  It  tends,  in  fact,  to  be  con- 
siderably  more  slender  than  the  secondary  stems,  although  both 
vary  in  size.  In  H,  juniperina,  for  example,  an  average  rhizome 
measures  only  0.35  X  0.25  mm.  in  cross  section,  while  a  stem 
measures  0.5  X  0.35.  The  features  of  the  rhizome  are  not  easily 
made  out  in  material  where  the  secondary  stems  are  well  developed. 
Tlie  leaves  are  more  or  less  disii\tegrated  with  age  and  it  is  dif- 
ficult to  demonstrate  the  relationship  between  the  branches  and 
the  leaves.  In  most  cases  the  leaves  and  underleaves  are  minute 
and  widely  separated.  The  leaves  are  practically  transverse  in 
their  insertion  and  it  would  be  difficult  to  distinguish  them  from 
the  underleaves,  if  the  rhizome  did  not  show  a  slight  dorsiventral 
flattening,  the  underleaves  being  of  course  situated  on  one  of  the 
flattened  sides.  Both  leaves  and  underleaves  are  distinctly  bifid. 
The  rhizoids  grow  out  normally  from  the  basal  cells  of  the  under- 
leaves, although  they  often  occur  on  the  leaves  as  well,  but  the 
rhizome  itself  is  usually  free  from  them.  The  branches  are  all 
intercalary  and  many  of  them  spring  from  the  axils  of  the  under- 
leaves. This  position,  however,  is  not  constant;  occasional 
branches  tend  to  be  lateral  and  do  not  show  a  definite  relationship 

*  Trans.  Bot.  Soc.  Edinburgh  15:  340.     1885. 
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to  either  leaves  or  underleaves.  It  is  of  course  possible  that  their 
aberrant  position  is  due  to  secondary  displacements  caused  by  in- 
equalities of  growth,  but  this  could  not  be  definitely  determined 
from  the  material  studied.  The  secondary  stems  are  sometimes 
direct  extensions  of  the  creeping  rhizomes,  but  it  is  usually  possible 
to  demonstrate  their  origin  as  branches.  Even  under  these 
circumstances  they  usually  bear  small  leaves  at  the  base  and 
only  gradually  give  rise  to  the  normal  leaves.  Sometimes  the 
change  is  more  abrupt,  and  all  gradations  may  be  present  between 
the  small-leaved  prostrate  rhizomes  and  the  typical  secondary 
stems  with  large  leaves. 

The  secondary  stems  differ  greatly  in  length  in  different  species 
and  even  in  the  same  species  under  varying  conditions.  In  some 
of  the  robust  tropical  species  a  length  of  25  cm.  may  be  attained. 
The  stems  are  usually  ascending  but  are  often  pendulous  and 
sometimes  form  conspicuous  festoons  hanging  from  the  branches 
of  trees.  The  branches  are  always  intercalary,  just  as  in  the  case 
of  the  rhizomes.  The  normal  vegetative  branches  take  their 
origin  in  the  axils  of  underleaves  and  are  rarely  subdivided.  In 
most  cases  they  spread  widely  and  show  a  flagelliform  appearance, 
their  leaves  being  distinctly  smaller  than  those  of  the  stem. 
\VTien  the  growing  point  of  a  stem  is  injured,  however,  a  ventral 
branch  sometimes  changes  its  direction  of  growth  and  assumes 
that  of  the  stem,  its  leaves  at  the  same  time  increasing  in  size. 
The  same  thing  is  true  of  the  subfloral  innovations,  which  may  be 
either  ventral  or  lateral  in  position.  The  growth  of  the  stem  is 
here  brought  to  an  end  by  the  development  of  the  archegonia. 
Rhizoids  are  often  absent  altogether  from  the  secondary  stems. 
WTien  they  occur  they  are  usually  restricted  to  the  underleaves 
and  leaves  of  the  ventral  branches,  although  the  normal  leaves 
and  underleaves  have  the  power  of  developing  them. 

The  leaves  (Text  FUis.  i,  14,  15,  21-25)  and  underleaves  of 
the  secondary  stems  present  a  great  deal  of  uniformity  throughout 
the  genus.  They  are  more  or  less  deeply  bifid  with  a  narrow  sinus 
and  sharp  divisions.  In  rare  castas  a  leaf  may  l>e  trifid  instead  of 
bifid,  a  peculiarity  to  which  certain  species  set^m  to  be  more  subject 
than  others.  The  divisions  are  sometimes  distinctly  grooved  but 
show  little  tendency  to  be  complicate,  both  lying  approximately  in 


Digitized  by  VjOOQIC 


196 


Evans:  Notes  on  genus  Herberta 


Figs  i-io.     Herberta  juniperina  (Sw.)  Trevis. 

I.  Leaf,  X  17.  2.  Transverse  section  of  a  young  stem,  X  225.  3.  Transverse 
section  of  a  mature  stem,  X  225.  4.  Longitudinal  section  of  a  mature  stem,  in- 
cluding the  base  of  a  leaf,  X  225.  5.  Cells  from  the  basal  vitta  of  a  leaf,  X  225. 
6.  Cells  from  the  basal  vitta  of  a  leaf  in  transverse  section,  X  300.  7.  Cells  from 
the  dorsal  base  of  a  leaf,  showing  cilia  with  slime  papillae,  X  225.  8.  Longitudinal 
section  of  a  young  sporophyte  and  surrounding  parts,  X  17;  &,  innermost  perichaetial 
bract;  p,  perianth.  9.  Transverse  section  of  the  wall  of  a  mature  capsule,  X  225, 
10.  Cells  from  the  innermost  layer  ol  the  wall  of  a  mature  capsule.  X  225.  Figs,  i, 
5-7  were  drawn  from  specimens  collected  by  the  writer  on  Blue  Mountain  Peak, 
Jamaica,  242^  Figs.  2-4,  6,  from  specimens  collected  by  L.  M.  Underwood  along  the 
trail  from  Cinchona  to  Morce's  Gap,  Jamaica,  28o\  the  remaining  figures,  from 
specimens  collected  by  W.  Harris  on  the  lower  slopes  ol  Sir  John  Peak,  Jamaica,  f //33. 
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the  same  plane.  At  the  base  on  each  side  a  series  of  slime  papillae 
or  their  vestiges  can  be  demonstrated.  These  are  sometimes 
sessile  (Text  fig.  17)  and  sometimes  borne  on  the  tips  of  more  or 
less  evident  teeth  or  cilia  (Text  fig.  7;  Plate  8,  fig.  5).  Occa- 
sionally slime  papillae  with  their  teeth  are  developed  on  the  sur- 
faces of  the  leaves  and  underleaves,  as  well  as  on  their  margins. 
The  teeth  vary  from  short  stalks  a  cell  or  two  long  to  broad  and 
subdivided  lobe-like  structures.  Except  for  the  basal  teeth  as- 
sociated with  the  slime  papillae  the  margins  are  usually  quite 
entire.  In  a  few  species,  however,  distinct  teeth  are  present 
higher  up,  even  beyond  the  region  of  the  sinus,  and  these  teeth 
sho^'  no  evidences  of  slime  papillae.  Even  when  teeth  of  this 
character  are  present  the  upper  parts  of  the  divisions  lack  them 
completely.  A  vague  serrulation,  caused  by  projecting  cells,  may 
sometimes  be  discernible  but  seems  to  be  ci  very  exceptional 
feature. 

Aside  from  the  difference  in  insertion  there  are  certain  other 
slight  differences  between  the  leaves  and  underleaves.  The 
leaves  are  usually  curved  backward  and  appear  unsymmetrical 
when  dissected  from  the  stems  and  spread  out  flat.  The  curvature 
affects  the  ventral  division  more  strongly  than  the  dorsal  divisioil 
(Plate  8,  figs.  1-3);  the  latter  in  fact  may  be  straight  or  nearly 
so  while  the  ventral  division  is  strongly  curved  (Text  fig.  i). 
In  some  species  the  curvature  is  much  less  pronounced  than  in 
others  and  may  not  be  evident  at  all  in  explanate  leaves  (Text 
figs,  22-25) ;  the  lack  of  symmetry,  however,  still  expresst*s  itself 
in  a  difference  of  direction  of  the  divnsions  and  in  a  greater  de- 
velopment of  the  basal  portion  on  the  dorsal  side.  The  under- 
leaves bend  backu^ard  in  a  squarrose  fashion  and  appear  symmet- 
rical when  spread  out,  their  straight  divisions  diverging  equally 
and  the  basal  portion  being  equally  developed  on  the  t\\'o  sides. 
The  leaves  and  underleaves  are  usually  more  or  less  imbricated. 
The  divisions  of  the  curved  leaves  and  scjuarrose  underleaves  are 
thus  crowded  together  along  the  ventral  portion  of  the  shoot,  the 
plant  acquiring  a  distinctly  moss<like  appi\irance. 

The  cells  and  especially  the  cell-walls  yield  some  of  the  most 
distinctive  characters  of  the  genus.  Most  of  the  walls  are  strongly 
thickened  and  this  applies  even  to  the  rhizoids  when  they  1km  ome 
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old.    According  to  Goebel*  excessive  thickening  of  the  cell  walls 
in  the  bryophytes,  which  occurs  especially  in  xerophilous  species, 
is  significant  on  account  of  the  great  power  of  imbibition  which 
these  walls  possess.    They  readily  absorb  and  retain  water,  and 
the  rapidity  with  which  most  species  of  Herberta  regain  their 
normal  appearance  and  consistency,  when  a  dry  tuft  is  deluged 
with  water,  is  a  striking  phenomenon.     In  the  cauline  portions  of 
the  plant  the  cells  are  all  elongated,  although  they  never  assume 
3,  truly  prosenchymatous  character.  ^  The  outer  or  cortical  region 
is  distinguished  from  the  inner  or  axial  region  by  its  deeper  color 
and  more  strongly  thickened  walls.     In  the  secondary  stems  the 
thickening  at  first  takes  place  in  the  outermost  layer  of  cells,  the 
process  continuing  until  the  cell  cavities  become  reduced  to  narrow 
canals  (Text  fig.  2).     The  thickening  is  largely  restricted  to  the 
outer  or  superficial  walls  and  the  layer  presents  the  appearance 
of  an  epidermis  with  well-developed  cuticle.     In  some  cases  the 
entire  cortex  consists  of  this  outermost  layer,  the  walls  of  the 
remaining  cells  showing  only  a  slight  degree  of  thickening  (Text 
FIG.  26).    This,  however,  is  very  unusual.     In  the  majority  of 
cases  two  or  more  additional  layers  take  part  in  the  formation  of 
the  cortical  region ;  their  walls  become  as  markedly  thickened  as 
those  of  the  outermost  layer,  the  only  difference  being  that  the 
thickening  is  deposited  uniformly  on  all  the  walls  (Text  fig.  3). 
Even  in  the  central  region  the  thickening  of  the  walls  is  sometimes 
very  pronounced,  though  never  so  much  so  as  in  the  cortical  region. 
Since,  moreover,  the  central  cells  are  larger  than  the  cortical  cells, 
their  cavities  remain  distinctly  wider.     The  cells  of  the  stem  are 
everywhere  connected  by  pits,  which  show  clearly  in  both  transverse 
and  longitudinal  walls  (Text  figs.  3,  4).    They  are  just  as  evident 
in  the  superficial  layer  as  elsewhere,  the  cells  of  this  layer  being 
connected  with  one  another  both  longitudinally  and  tangentially, 
as  well  as  with  the  cells  of  the  layer  next  within.     There  is  nothing, 
in  fact,  to  indicate  any  essential  difference  in  function  between 
the  superficial  layer  and  the  other  cortical  layers.     In  spite  of  the 
fact  that  the  outer  walls  simulate  a  cuticle  so  strongly,  they  have 
the  same  powers  of  imbibition  as  the  other  walls  and  simply  form 
part  of  the  imbibing  system  of  the  stem.     In  the  rhizomes  the 

♦  See  Organographie  der  Pflanzen,  2d  ed.  553.     1915. 
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same  distinction  between  cortical  and  central  regions  is  apparent. 
There  is  perhaps  a  tendency  for  the  cortical  region  to  be  thinner 
and  for  the  cell-walls  of  the  central  region  to  be  less  thickened 
than  in  the  secondary  stems,  but  there  are  no  essential  differences 
between  the  two. 

The  leaf-cells  in  their  more  important  features  have  long  been 
familiar  to  students  of  the  Hepaticae.  Although  forming  a  single 
layer  as  in  most  of  the  Jungermanniaceae  the  cells  show  a  differ- 
entiation into  elongated  cells  and  more  or  less  isodiametric  cells 
(see,  for  example,  Plate  8,  fig.  4).  The  elongated  cells  form  a 
median  band  extending  from  the  line  of  insertion  into  the  basal 
portion  of  the  leaf.  Siomewhere  below  the  sinus  the  band,  or 
"vntta,"  as  Stephani  terms  it,  forks,  one  branch  passing  into  each 
division.  Here  they  may  extend  to  the  extreme  apices  or  stop 
at  a  variable  distance  below  them.  The  isodiametric  cells  form 
the  rest  of  the  leaf  and  are  divided  into  three  patches  by  the  vitta 
and  its  branches,  the  two  lateral  patches  extending  from  the  base 
into  the  divisions  on  their  outer  sides  and  the  median  patch  from 
the  forking  of  the  vitta  into  the  divisions  on  their  inner  sides. 
Apparently  the  first  allusion  to  the  vitta  is  found  in  the  original 
description  of  //.  dicrana  (Tayl.)  Trevis.*  In  a  critical  note, 
quoted  from  Taylor,  a  "nerve**  is  spoken  of  which  runs  out  into 
the  divisions.  Gottsche  afterward  described  the  vitta  in  other 
species,  and  Stephani  lays  especial  emphasis  on  it  in  his  recent 
monograph.  In  his  opinion  the  vitta  yields  some  of  the  best 
differential  characters  in  distinguishing  species.  He  considers 
the  basal  portion  (below  the  forking)  to  be  constant  in  size  for  a 
given  species,  and  he  finds  an  equal  constancy  in  the  length  of  the 
branches.  Unfortunately  it  is  not  always  easy  to  determine  the 
exact  lateral  boundaries  of  the  vitta  or  the  points  where  the 
branches  terminate  in  the  divisions  of  the  leaves.  Although  the 
median  cells  of  the  basal  jx>rtion  are  markedly  different  from  the 
cells  near  the  margin  of  the  leaf,  there  is  sometimes  a  gradual 
transition  between  the  vitta  and  the  marginal  ix)rtion,  and  a 
similar  transition  may  exist  between  the  cells  of  the  vitta  and  the 
marginal  and  apical  cells  of  the  divisions.  Two  ohsi^rvers,  in 
consequence,  might  obtain  different  results  in  measuring  the  s«inie 

•Sytu  Hep.  3J9.     1845. 
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leaf.  A  case  in  point  is  found  in  H.  adunca.  According  to  Ste- 
phani  the  branches  of  the  vitta  come  to  an  end  below  the  apices  of 
the  divisions;  according  to  K.  Mtiller  they  extend  to  the  apices. 
At  the  same  time  the  value  of  the  vitta  from  the  standpoint  of 
taxonomy  must  not  be  overlooked,  and  Stephani  deserves  credit 
for  utilizing  it. 

The  cells  of  the  vitta  present  a  number  of  interesting  peculi- 
arities, not  only  in  their  structure  at  maturity  but  also  in  their 
development,  especially  in  the  way  in  which  the  thickenings  of  the 
wall  are  deposited.  Gottsche,  in  his  account  of  H.  juniperina* 
noted  some  of  these  peculiarities  many  years  ago,  but  subsequent 
allusions  to  them  have  been  very  scanty.  According  to  Gottsche 
each  basal  cell  of  the  leaf,  after  treatment  with  caustic  potash 
and  iodide  of  zinc,  reveals  a  spiral  of  eight  to  fifteen  turns  repre- 
senting a  thickening  of  the  secondary  layer  of  the  wall.  In  a 
later  accountf  of  the  same  species  he  gives  the  number  of  turns  as 
fifteen  to  twenty- two. 

By  treating  young  leaves  with  potash  it  is  easy  to  demonstrate 
the  presence  of  the  bands  of  thickening  described  by  Gottsche, 
not  only  in  the  basal  portion  of  the  leaf  but  elsewhere,  and  they 
clearly  represent  a  stage  in  the  development  of  the  cell  wall 
(Text  fig.  ii).  The  writer  has  found  it  impossible,  however,  to 
show  that  the  bands  form  a  continuous  spiral.  They  seem  to  be 
rather  in  the  form  of  separate  rings  or  partial  rings,  an  occasional 
ring  being  branched.  When  the  rings  are  incomplete  the  gaps 
occur  on  the  free  walls  of  the  cell  and  never  on  the  vertical  walls, 
which  separate  the  cell  from  its  neighbors.  Even  under  these 
circumstances,  however,  the  bands  of  thickening  extend  partially 
across  the  free  wall?  and  leave  only  the  median  portion  thin 
throughout.  The  bands  of  one  cell  do  not  lie  opposite  the  bands 
of  adjoining  cells  but  tend  to  alternate  with  them.  The  vertical 
walls  show  a  zigzag  appearance  where  they  meet  the  free  walls, 
each  angle  of  the  zigzag  marking  the  position  of  one  of  the  bands. 
In  the  irregular  cells  between  the  vitta  and  the  margin  the  bands 
are  more  irregular  than  in  the  cells  of  the  vitta  and  rarely  if  ever 
form  complete  rings.     In  other  respects   they  are  essentially  the 


*  Rabenhorst.  Hep.  Kur.  2J0,  accompanying  text, 
t  Mex.  Lcverm.  138.      i86j. 
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The  bands  of  thickening  just  described  soon  become  united  by 
median  bands  laid  down  on  the  free  walls  (Text  fig.  12).  These 
leav'e  a  series  of  thin  places  on  each  side,  which  show  at  first 
angular  outlines.  Almost  simultaneously  the  bands  on  the  vertical 
walls  increase  in  thickness  and  become  connected  by  deposits  laid 
down  l)etween  them,  the  result  being  that  these  walls  acquire  a 


12      ?^ 


13 


Fios.  11-13.     Hb«bbiita  jvnipbrina  (Sw.)  Trcvis. 


II.  \try  yo\xti%  cell  from  the  basal  vitta  of  a  leaf,  surface  view,  X  i.ooo.  12. 
Sommrhat  older  cell  from  same  vitta,  surface  view,  X  1.000.  t^.  Still  older  cell 
from  same  vitta,  optical  section.  X  600.  The  figures  were  all  drawn  from  sprci- 
mms  collected  by  L.  }A.  Underwood  along  the  trail  from  Cinchona  to  Morce's  Gap, 
Jamaica,  180, 

continuous  layer  of  thickening  except  for  an  occasional  pit.  At 
first  the  original  bands  are  thickened  more  conspicuously  than  the 
intermediate  regions  and  the  vertical  walls  appear  distinctly 
scalloped  when  examined  in  optical  section  (Tkxt  fk;.  13).  But 
the  conditions  just  descrilx*d  are  temporary.  The  thin  i)Iaces  in 
the  free  walls  are  gradually  fille<l  up  by  deposits  of  thickcninj;, 
becoming  rounded  as  they  diminish  in  size,  and  the  depressions 
between  the  scallops  along  the  vertical  walls  iH^coine  ol)literated 
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in  much  the  same  way.  The  entire  cell-cavity  is  eventually  lined 
by  a  uniformly  thick  layer  of  deposit,  the  only  thin  places  left 
being  the  pits  in  the  vertical  walls  (Text  figs  5,  6).  Even  some 
of  the  pits  may  be  obliterated  with  age.  When  this  takes  place 
the  deposit  either  fills  the  pit-chamber  altogether  or  bridges  it 
across,  leaving  a  minute  vestige  of  the  chamber  next  to  the  closing 
membrane  (Text  fig.  7).  When  the  cells  are  mature  it  is  some- 
times possible  to  detect  evidences  of  the  original  bands  of  thicken- 
ing and  of  the  scallops  along  the  vertical  walls,  but  the  free  walls 
present  an  absolutely  uniform  appearance.  Although  the  thick- 
enings look  very  much  as  if  they  were  formed  by  the  coalescence  of 
trigones  and  intermediate  thickenings,  it  is  clear  from  their 
method  of  development  that  they  are  not  directly  comparable 
with  the  trigones  and  intermediate  thickenings  of  other  Hepaticae. 

Although  the  description  just  drawn  from  H,  juniperina  prob- 
ably applies  in  its  essential  features  to  the  entire  genus,  the 
details  are  not  always  as  clear  in  some  of  the  other  species.  In 
H,  adunca,  for  example,  it  is  difficult  to  demonstrate  bands  of 
thickening  except  in  the  basal  portion  of  the  vitta,  and  it  is  doubtful 
if  they  ever  form  complete  rings.  The  scalloped  appearance  of 
the  vertical  walls  is  likewise  much  less  evident.  Possibly  the  more 
indefinite  conditions  found  are  associated  with  the  fact  that  the 
thickening  of  the  walls  in  H.  adunca  is  usually  much  less  marked 
than  in  H,  juniperina. 

The  leaf  surface  in  Herberta^  the  so-called  cuticle  of  authors,  is 
striolate  or''  verruculose.  The  roughness  is  sometimes  very  ap- 
parent and  sometimes  made  out  with  difficulty.  Whether  differ- 
ences in  the  degree  of  roughness  yield  constant  differential  char- 
acters in  separating  species  is  perhaps  doubtful,  although  such 
differences  seem  very  striking  when  certain  species  are  compared. 

The  androecia  in  Herberta  are  relatively  short  and  usually 
include  from  four  to  eight  pairs  of  bracts,  those  at  the  upper  and 
lower  ends  being  somewhat  transitional  in  character.  The  male 
plants  tend  to  produce  smaller  leaves  than  female  plants  or  vigor- 
ous sterile  plants,  and  although  the  bracts  are  considerably  larger 
than  the  leaves  borne  between  the  successive  androecia,  they 
scarcely  equal  in  size  the  normal  leaves  on  female  individuals. 
Several  years  ago  Schiffner  made  the  remarkable  discovery  that 
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antheridia  occur  not  only  in  the  axils  of  the  bracts  but  also  in  the 
axik  of  the  bracteoles.*  In  order  to  determine  whether  this  phe- 
nomenon was  widespread  among  the  Ptilidioideae»  to  which 
group  Herberta  is  usually  assigned,  he  examined  species  of  several 
other  genera.  The  closely  related  Mastigophora,  however,  was  the 
only  one  in  which  he  was  able  to  observe  antheridial  bracteoles. 
In  the  case  of  Herberta  the  bracteoles  differ  from  the  bracts  in 
atK>ut  the  same  way  that  the  ordinary  underleaves  differ  from  the 
lea\Ts.  Both  bracts  (Text  fig.  20;  Plate  8,  figs.  8,  9)  and 
bracteoles  are  more  or  less  imbricated  and  have  a  broad  inflated 
pocket  at  the  base  enclosing  a  cluster  of  two  or  more  antheridia. 
The  pocket  does  not  involve  the  entire  width  of  the  basal  region 
but  leaves  a  narrow  flattish  or  revolute  strip  on  each  side.  In  the 
inflated  portion  the  cells  are  broader  and  much  paler  than  ordinary 
cells,  and  the  thickenings  of  the  walls  are  more  irregular  in  outline 
and  less  strongly  developed.  The  divisions,  sinus,  and  margins 
are  much  the  same  as  on  ordinary  leaves. 

The  perichaetial  bracts  (Plate  8,  figs.  10,  11)  and  bracteoles 
are  essentially  alike.  They  occur  in  three  or  four  closely  crowded 
series  and  increase  somewhat  in  size  toward  the  perianth,  only 
the  apical  portion  of  which  projects  beyond  them.  Those  of  the 
innermost  series,  when  viewed  from  the  outer  surface,  show  two 
rounded  ridges  in  the  basal  portion,  separated  by  a  narrow  median 
groove.  A  marginal  band  on  each  side  is  flat  or  slightly  concave. 
The  divisions  are  much  the  same  as  on  ordinary  leaves  but  the 
margins  are  much  more  toothed,  the  teeth  being  irregular  and 
extending  higher  up,  sometimes  almost  to  the  apices  of  the  divisions. 
Occasionally  minute  and  irregular  paraphyllia  (Plate  8,  fig.  12) 
with  marginal  papillae  are  found  among  the  bracts.  According 
to  Spruce  the  bracts  closely  embrace  the  perianth  but  are  free 
from  It  throughout  their  entire  length;  according  to  Stephani  they 
arc  coalescent  with  the  perianth  up  to  a  considerable  height.  A 
longitudinal  section  through  a  young  sfX)rophyte  and  surround- 
ing parts  (Text  fig.  8)  shows  that  Spruce  was  essentially  correct. 
Any  coalescence  which  may  Ik?  prest*nt  is  so  slight  as  to  l>e  prac- 
tically negligible.  Betwet*n  the  innermost  bracts  and  bracttole 
and  the  leaves  below  the  involucre  there  is  a  gradual  transition. 

*  Untmuchuofm  Ubcr  AmplnKaHtrial-Anthtrulu  n  un«l  uImt  ilt  n  Uau  dtr 
AndrOdra  der  PUUdioideco.     HeduiK'**  5o:  M*"*^  i^^-?  f  i  3v     ivio. 
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The  perianth  of  Herberta,  when  well  developed,  clearly  supports 
the  theory  that  three  floral  leaves  take  part  in  the  formation  of  this 
organ  (Plate  8,  fig.  13).  It  is  split  for  nearly  half  its  length  into  six 
slender  laciniae,  essentially  like  divisions  of  leaves,  every  alternate 
split  being  a  little  deeper  than  the  others.  These  deeper  splits  mark 
the  boundaries  of  the  three  coalescent  leaves.  In  the  undivicled 
portion  of  the  perianth  a  cross  section  shows  that  six  rounded 
ridges  are  present,  separated  by  six  rounded  grooves  (Plate  8, 
FIG.  14).  Three  alternate  grooves  are  deeper  than  the  others  and 
correspond  with  the  three  deeper  splits  at  the  mouth  of  the 
perianth.  The  innermost  bracts  and  bracteoles,  each  with  its 
two  dorsal  ridges  separated  by  a  groove,  are  closely  appressed  to 
the  ridges  and  grooves  of  the  perianth.  The  laciniae  of  the 
perianth  bear  numerous  slime-papillae  and  often  teeth.  The  slime 
papillae  occur  not  only  along  the  margins  of  the  laciniae  toward 
the  base  but  also  on  the  inner  surface  of  the  perianth.  Here  they 
sometimes  form  short  rows  and  sometimes  show  no  regular  ar- 
rangement. The  surface  papillae  are  occasionally  borne  on  the 
tips  of  short  teeth  or  along  the  margins  of  narrow  and  irregular 
ridges.  In  some  cases  the  perianth  is  not  developed  normally. 
More  than  six  laciniae,  for  example,  may  be  present  at  the  mouth, 
or  one  of  the  splits  may  extend  to  the  very  base;  sometimes  both 
of  these  abnormalities  may  be  seen  in  a  single  perianth.  An 
increase  in  the  number  of  laciniae  is  not  surprising,  since  ordinary 
vegetative  leaves  with  three  divisions  sometimes  occur,  and  the 
deep  split  might  plausibly  be  interpreted  as  a  place  where  coa- 
lescence had  failed  to  take  place. 

The  wall  of  the  capsule  is  described  in  its  essential  features  by 
Spruce.  It  is  composed  of  from  five  to  seven  layers  of  cells 
(Text  fig.  9)  and  shows  a  thickness  of  70-100  )u.  This  is  con- 
siderably more  than  in  most  of  the  leafy  Hepaticae  studied  by 
Andreas.*  In  Plagiochila  asplenioides  (L.)  Dumort.,  for  example, 
where  the  wall  is  composed  of  seven  or  eight  layers,  the  thickness 
is  only  55  m»  while  in  Chiloscyphus  polyanthus  (L.)  Corda,  where 
the  wall  is  composed  of  five  layers,  the  thickness  is  only  25  /i.  It 
is  less,  however,  in  Herberta  than  in  Pleurozia  purpurea  (Lightf.) 

♦  Ueber  den  Bau  der  Wand  und  die  Oeffnungsweise  des  Lebermoossporogons. 
Flora  86:.  161-213.  pi.  i2-\-f.  1-25.     1899. 


Digitized  by  VjOOQIC 


Evans:  Notes  on  genus  Herberta  205 

Lindb. ;  in  this  species,  according  to  Andreas,  the  wall  is  composed 
of  seven  or  eight  layers  and  has  a  thickness  of  130/1*  In  all 
these  forms  he  describes  local  thickenings  in  the  cells  of  all  the 
la>*ers.  In  the  innermost  layers  the  thickenings  are  in  the  form 
of  half  rings  extending  across  the  inner  tangential  wall  (see  Text 
FIG.  10)  In  the  other  layers  they  are  in  the  form  of  bands  on  the 
radial  walls.  Even  here,  however,  the  bands  sometimes  extend 
to  a  greater  or  less  extent  along  the  tangential  walls.  According  to 
Andreas  the  structure  of  the  capsule  wall  in  the  leafy  Hepaticae 
shows  comparatively  little  variation,  and  the  genus  Herberta 
aicrees  on  the  whole  with  his  account.  It  might  be  added  that 
the  valves  are  covered  on  the  outside  by  a  granular  wax-like  de- 
pos^it,  and  that  secondary  splits  sometimes  occur  in  one  or  more 
of  the  four  primary  valves. 

Many  years  ago  Spruce*  described  the  occurrence  of  rudimen- 
tar>'  shoots  on  the  leaves  of  Herberta.  According  to  his  account 
they  arise  singly  or  in  pairs  from  the  cells  of  the  vitta  in  the  basal 
portion  of  the  leaves  and  never  in  the  divisions.  These  shoots 
ha\'e  not  lieen  observed  by  the  writer  and  are  probably  developed 
under  exceptional  conditions.  They  represent  the  only  t>'pe  of 
vegetative  reproduction  known  in  the  genus.  As  Spruce's  figures 
cleariy  show,  the  shcwts  lx*ar  three  ranks  of  small  bifid  leaves  and 
show  no  signs  of  dorsiventrality.  They  resemble  in  many 
rei»pects  the  adventive  shoots  lx)rne  on  the  leaves  of  certain  species 
of  Plagiochila,  although  they  are  much  less  abundantly  prtxluced. 

Revision  of  the  species  know^n  from  Eirope,  Canada  ano 
THE  Tnited  States 

According  to  most  recent  writers  on  the  Hef>aticae  the  genus 
Herberta  is  represented  in  Europe  by  only  two  sfK^cies.  The  first 
of  thefie  is  //.  adunca  (Dicks.)  S.  F.  (»ray,  the  tyjK*  of  the  genus; 
the  secfmd,  //.  Settdtncri  (NtH's),  sometimes  known  as  //.  stra- 
minea  n)umort.)  Trevis.  The  range  of  //.  adunca,  arrordinjj^  to 
available  reconls,  is  restricted  Xo  NorN^ay,  the  Fann*  Islands  and 
the  British  Isles;  the  range  of  //.  Scndtneri  is  even  more  cirruni- 
scrilKxI.  Iieing  accre<lited  only  to  the  Austri.m  and  l^avarian  AIp'^. 

•On  the  br«mh-braring  lfa\fs  *)l  Jun^t-fm'inrta  'uniffTtna,  >\\    !'!■)  t  .1  if^i  j 
•s.  S6.     ia44.     (IUu>t.l 
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In  thus  restricting  the  range  of  the  latter  species,  writers  differ 
markedly  from  Dumortier.*  He  considered  that  his  Schisma 
stramineum,  under  which  he  included  S,  Sendtneri  Nees  as  a  syno- 
nym, grew  in  Scotland,  as  well  as  in  Austria  and  Germany.  His 
species,  in  fact,  was  based  on  Scottish  material.  Apparently  his 
only  recent  follower  is  Lett,t  who  admits  both  H,  adunca  and 
H.  straminea  as  members  of  the  Scottish  flora. 

Botanists  have  long  recognized  the  fact,  however,  that  H. 
adunca  includes  two  well-marked  forms.  These  were  distinguished 
by  Gottsche,J  as  long  ago  as  1862,  under  the  names,  a  Dicksoniana 
and  p  Hutchinsiae,  He  applied  the  first  name  to  the  plant  with 
shorter,  erect-spreading  leaves,  having  straight  acuminate  di- 
visions, and  the  second  to  the  plant  with  longer  leaves,  hooked  when 
dry  and  squarrose  when  moist,  having  lanceolate,  incurved  di- 
visions. He  considered  that  a  Dicksoniana  was  primarily  a  plant 
of  Scotland  while  p  Hutchinsiae  was  primarily  a  plant  of  Ireland, 
and  yet  he  made  no  attempt  to  restrict  the  range  of  either  form 
definitely.  Carrington,§  in  taking  up  the  name  p  Hutchinsiae^ 
implies  that  all  the  Irish  specimens  are  referable  to  this  form  and 
states  that  the  species  grows  at  much  lower  altitudes  in  Ireland 
than  in  Scotland.  He  adds  that  both  forms  grow  in  Scotland, 
the  form  with  ovate  or  ovate-lanceolate  leaves  being  restricted  to 
higher  and  exposed  mountains.  This  form  is  clearly  Gottsche's 
a  Dicksoniana,  although  Carrington  does  not  call  it  by  this  name. 
He  includes  under  it  Dumortier*s  S,  stramineum  as  a  synonym  and 
calls  attention  to  the  fact  that  it  approaches  H.  Sendtneri,  Al- 
though subsequent  British  writers  have  paid  little  attention  to 
Gottsche's  names,  Schiffner  has  recently  revived  them  and  applied 
them  to  specimens  in  his  exsiccatae.|| 

From  a  careful  study  of  European  specimens  referred  to  H. 
adunca,  the  writer  has  reached  the  conclusion  that  Gottsche's  two 
so-called  forms  represent  tv\  o  distinct,  but  closely  related,  species. 
The  form  a  Dicksoniana,  as  its  name  implies,  represents  the  type  of 
Jungermannia  adunca  Dicks.     In  the  absence  of  Dickson's  original 

♦  Bull.  Soc.  Bot.  Belgique  13:  125.     1874. 

t  Hepat.  British  Isl.  177.     1902.    * 

X  Rabenhorst.  Hep.  Eur.  210.     1862. 

§  Trans.  Bot.  Soc.  Edinburgh  7:  454.     1863. 

II  Hep.  Eur.  Exsic.  403-407.     19 12. 
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material,  the  statement  is  pupported  by  Scottish  specimens  in  the 
Taylor  herbarium,  received  from  Hooker,  and  by  the  fact  that 
Dickson's  plant  was  collected  "in  alpibus  Skx)ticis.*'  The  t>'pe  of 
Dumortier's  Schistna  stramineum  was  likewise  collected  **in 
alpibus  Scotiae"  and,  in  the  complete  absence  of  all  of  Dumortier's 
t>'pes,  his  species  may  be  regarded  as  a  simple  synonym  of  H. 
adunca.  The  second  form,  fi  Hutchinsiae,  is  described  below  as  a 
new  species  under  the  name  //.  Hutchinsiae  (Gottsche).  In  cer- 
tain respects  the  true  //.  adunca,  as  thus  restricted,  resembles 
//.  Sendineri  more  strongly  than  it  does  //.  Hutchinsiae.  This 
would  account  for  the  fact  that  Dumortier  failed  to  distinguish 
between  his  Schistna  stramineum  and  //.  Sendineri.  The  latter 
species,  however,  is  clearly  distinct,  and  there  is  no  evidence  that 
its  range  extends  beyond  the  mountains  of  Austria  and  Germany. 
With  regard  to  the  North  American  specimens  which  have  been 
referred  to  //.  adunca,  there  has  likewise  been  confusion.  There 
are  apparently  two  species  represented,  but  neither  agrees  with 
typical  //.  adunca.  The  plant  from  the  eastern  United  States 
seems  to  be  new  and  is  described  below  under  the  name  //.  tenuis; 
the  plant  from  the  Pacific  Coast,  on  the  contrary,  seems  to  be 
referable  to  //.  Hutchinsiae.  The  Alaskan  material  of  this  species 
is  unusually  satisfactory  because  it  shows  androecia,  perianths, 
and  sporophytes,  all  of  which  are  exceedingly  rare  in  European 
material.  The  four  species  considered  in  the  present  paper  may 
be  distinguished  as  follows,  only  vegetative  characters  being  used : 

Lcsv«*  mostly  i.a-a  mm.  long  and  0.45-0.9  mm.  wide. 

Leave*  bifid  about  one  ha*f ;  division*  broad.  tlighUy  or  not  at 
all  curved,  acute  to  acuminate;  vitta  not  distinct,  the 
cell*  in  the  divisions  mostly  20-40 ^j  long. 
Basal  portion  of  leaves  normally  entire.  i.  //.  adunca. 

Basal  portion  of  leaves  sparingly  and  coarsely  toothed.        2.  U.  Sendtneri, 
Leaves  bifid  two  thirds  to  four  fifths;  divisions  narrow,  strongly 
curved,  long-acuminate;  vitta  distinct,   the  cells  in   the 
divisloos often  50-70/4  long;  ba!«al  portion  of  leaves  entire  or 
nearly  so.  3.  H.  Hutchinsiae. 

L«aves  moatly  o.^i  mm.  long  and  0.3-0.35  mm.  wide,  birid  two 
thirds  to  three  fourths;  dlviiiions  narrow,  ftti^htly  or  not  at  all 
curved,  tong-acuminate;  vitta  distinct,  the  cMIh  in  the  div  i^ions 
dten  50-7OM  long;  basal  portion  entire  or  spaiingly  an  1  ctj*irMly 
toothed.  4//-  u»uis. 
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I.  Herberta  adunca  (Dicks.)  S.  F.  Gray 
Jungermannia  adunca  Dicks.  Plant.  Crypt.  Brit.  3:  12.  pi,  8,  /.  8. 

1793. 
Jungermannia  juniperina  0  Hook.  Brit.  Jung.  pL  4,  1812  (in  part). 
Herberta  adunca  S.  F.  Gray,  Nat.  Arr.  Brit.  PI.  i:  705.     182 1. 
Schisma  aduncum  Dumort.  Comm.  Bot.  114.     1822. 
Jungermannia  juniperina  /3  adunca  Lindenb.  Nova  Acta  Acad. 

Leop.-Carol.  14  (suppl.):  35.     1829  (in  part). 
Schisma  stramineum  Dumort.  Syll.  Jung.  76.      1831;   Bull.  Soc. 

Bot.  Belgique  13:  125.     1874  (in  part). 
Schisma  juniperinum   fi  Nees,  Naturg.  Europ.  Leberm.   i:   108. 

1833. 
Sendtnera  juniperina  fi  Nees;  G.  L.  &  N.  Syn.  Hep.  239.     1845. 
Sendtnera  straminea  Nees,  l.c,  240.     1845. 
Sendtnera  adunca  a  Dicksoniana  Gottsche;  Rabenhorst,  Hep.  Eur. 

210  (accompanying  text).     1862, 
Herberta  straminea  Trevis.    Mem,   R.    1st.  Lomb.   HI.   4:    396. 

1877  (in  part). 
Herberta  adunca  var.  straminea  Cooke,  Handb.  Brit.  Hepat.  70. 

1894. 
Herberta  adunca  var.  alpina  Macvicar,  Student's  Handb.   Brit. 

Hepat.  340.     1912. 
Herberta  adunca  a  Dicksoniana  Schiffn.  Lotos  60;  53.     1912. 

Yellowish  or  brownish  green,  often  tinged  with  red  or  purple, 
sometimes  slightly  glossy,  growing  in  more  or  less  extensive  mats, 
or  scattered  among  other  bryophytes:  secondary  stems  erect  or 
ascending,  sparingly  and  irregularly  branched,  rigid,  mostly  5-10 
cm.  long  but  sometimes  shorter,  about  0.25  mm.  (or  fourteen  cells) 
wide  and  0.18  mm.  (or  ten  cells)  thick,  the  cells  everywhere  with 
strongly  thickened  walls:  leaves  imbricated,  more  or  less  secund, 
unsymmetrical,  ovate,  mostly  1.2-1.4  long  and  0.45-0.6  mm.  wide, 
bifid  about  one  half,  the  divisions  (in  explanate  leaves)  slightly  or 
not  at  all  curved,  acute  to  acuminate,  mostly  0.6-0.7  mm.  long 
and  0.27-0.35  mm.  wide  at  base,  margin  normally  entire;  vitta 
usually  indistinct  even  in  the  basal  region,  extending  for  a  short 
distance  into  the  division  but  coming  to  an  end  considerably  below 
the  apex,  undivided  portion  usually  0.2-0.3  mm.  long  and  wide; 
cells  of  vitta  mostly  35-60  X  22  fi  in  the  basal  portion  and 
20-40  X  20  /x   in   the  divisions,   marginal   cells   in   basal  portion 
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al)out  22  M  in  diameter,  cells  between  margin  and  vitta  about  24  p 
in  diameter;  thickenings  distinct,  in  the  vertical  walls  mostly 
8-10 M  wide;  cuticle  scarcely  striolate:  underleaves  similar  to  the 
leaves  but  squarrose  and  symmetrical:  male  inflorescences  borne 
in  an  interrupted  series  in  the  upper  part  of  a  stem;  bracts  mostly 
in  five  or  six  pairs,  similar  to  the  leaves  except  for  the  broad  basal 
pocket  extending  nearly  to  the  sinus,  margin  normally  entire; 
bracteoles  similar  to  the  bracts;  antheridia  mostly  two  or  three  in 
each  axil:  female  inflorescence  not  seen.     [Text  figs.  14-20.] 

The  following  specimens  have  been  examined : 

Norway:  Drivandefossen  Waterfall,  Lyster,  Bergen  Stift, 
August^  1900.  B,  Kaalaas  (listed  by  Kaalaas  in  Nyt.  Mag.  f. 
Naturv.  40:  247.  1902;  distributed  as  H,  adunca  a  Dicksoniana 
in  Schiflfner's  Hep.  Eur.  Exsic.  ^dj);  S5ndfjord,  Bergen  Stift,  July, 
igo3,  E.  Jorgensen  (distributed  as  //.  adunca  a  Dicksoniana  by 
Schiffner,  Ix,  464);  Frafjord  near  Stavanger,  July,  1899,  E. 
Jorgensen  (distributed  as  //.  adunca  a  Dicksoniana  by  Schiffner, 
Ix,  46J;  specimens  from  same  locality  listed  by  Kaalaas,  Ix,  33: 
224,     1893). 

Faroe  Islands:  SyderO,  Bordo  and  VaagO,  May  and  June, 
1896,  C.  Jensen  (these  are  among  the  specimens  listed  by  Jensen 
in  Bot.  Faer.  i:  127.     1901). 

ScotL-vnd:  Ben  Lawers,  1803,  W.  J,  Hooker  (listed  as  Junger- 
mannia  juniperina  0  by  Hcx)ker  in  Brit.  Jung,  pi,  4,  1812); 
Craig  Chailleach,  G,  E,  Hunt;  same  locality,  June.  1900,  S,  M, 
Macvicar;  Camlochan,  July,  1843,  \V,  Gardiner;  Stuichd-an- 
Lochain.  July,  1842,  \V,  Gardiner;  near  summit  of  Ben  More, 
July,  1897,  //.  *V.  Dixon  (var.  alpina  Macvicar);  (ilengyle,  June, 
184)5,  Stirling  &  Kidston;  Ben  Vorlich,  July,  1901,  S,  M,  Macvicar 
(listed  in  Ann.  Scottish  Nat.  Hist.  1902:  114);  Ben  Udlaidh, 
June,  1903,  5.  M,  Macvicar 

Wales:  Snowden  Mountain,  June,  I9i5i  ^1-  H,  Graves. 

In  Ingham's  Census  Catalogue  of  British  Hefxitics,  published 
in  1913,  //.  adunca  is  quoted  from  the  following  provina*s:  South 
Wales,  North  Wales,  Lakes,  East  Highlands,  West  Highlands, 
North  Highlands  and  North  Isles.  It  is  cjuotwl  also  from  eleven 
county  diWsions  in  Ireland.  It  is  probable  that  honie  of  the^e 
records,  especially  those  from  Ireland,  are  based  on  //.  IluUh- 
insiae. 
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Most  of  the  earlier  writers  not  only  failed  to  distinguish 
H.  Hutchinsiae  from  H.  adunca  but  considered  the  combined 
species  a  mere  variety  or  form  of  the  Jamaican  H,  juniperina 
(Sw.)  Trevis.  (Jungermannia  juniperina  Sw.) .  Hooker  was  app>ar- 
ently  the  first  to  advance  this  idea.  In  the  text  accomp)any- 
ing  pi.  4  of  his  British  Jungermanniae  he  recognized  J,  juniperina 
as  a  member  of  the  British  flora  and  included  /.  adunca  under  the 
variety  "jS,"  to  which  he  did  not  even  give  a  definite  name. 
''After  a  most  careful  examination  of  Mr.  Dickson's  /.  adunca, 
compared  with  othe'rs  of  /.  juniperina,  which  I  have  received 
from  Dr.  Swartz/*  he  addsjn  a  critical  note,  "I  am  unable  to  find 
any  characters  which  can  induce  me  to  keep  them  separate.*'  He 
then  calls  attention  to  the  larger  size  of  the  Jamaican  plant  and 
to  the  greater  readiness  with  which  it  regains  its  original  appear- 
ance when  immersed  in  water  but  clearly  regards  these  features 
of  but  little  moment.  Weber*  protested  against  Hooker's  treat- 
ment of  /.  adunca  and  maintained  it  as  a  valid  species,  in  which 
he  was  followed  by  both  S.  F.  Gray  and  Dumortier.  The  majority 
of  contemporaneous  writers,  however,  followed  the  example  of 
Hooker,  and  the  Synopsis  Hepaticarum,  in  1845,  went  so  far  as 
to  cite  Scottish  specimens  under  Sendtnera  juniperina  P,  without 
even  mentioning  /.  adunca  as  a  synonym.  When  Gottsche,  nearly 
twenty  years  later,  distinguished  between  his  a  Dicksoniana 
and  p  Hutchinsiae,  he  pointed  out  in  addition  the  most  marked 
differences  between  H.  adunca  and  H.  juniperina;  and,  since  this 
time,  both  species  have  been  almost  universally  recognized. 

Among  the  characters  of  H,  adunca  which  Gottsche  emphasized 
was  the  lack  of  teeth  on  the  leaves  and  underleaves.  He  pointed 
out  the  fact  that  young  leaves  sometimes  showed  five  to  eight 
primordial  papillae  at  the  base,  these  structures  representing  the 
rudiments  of  teeth,  but  of  actual  teeth  he  found  no  development. 
Although  this  description  will  apply  to  the  vast  majority  of  leaves, 
it  will  not  apply  to  all.  An  occasional  leaf  will  show  one  or  perhaps 
two  teeth  in  the  basal  region.  Such  a  tooth  usually  consists  of  a 
single  cell,  serving  as  a  stalk  for  a  papilla,  but  it  sometimes  attains 
a  length  of  several  cells  and  becomes  more  lobe-like  in  appearance. 
The  occurrence  of  these  teeth,  in  view  of  their  infrequency  and 

*  Hist.  Muse.  Hepat.  Prodr.  54.     18 15. 
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irregularity,  is  doubtless  more  or  less  abnormal.  The  same  thing 
may  be  said  of  the  trifid  leaves  and  of  the  blunt  divisions  which 
occasionally  come  to  light,  when  a  large  series  of  leaves  is  examined. 
Although  Dickson's  original  figures  show  perianths  and 
mature  capsules,  these  organs  seem  to  be  very  rarely  produced. 


Figs.  14-ao.  (Ikrbbrta  adunca  (Dicks.)  S.  F.  Gray 
14.  15.  L^ivet,  X  40.  16.  Cells  from  the  baaal  portion  of  a  leaf,  showing  the 
al  vitta  on  the  right.  X  223.  17*  Dorsal  base  of  a  leaf.  X  225.  18.  Cells  from 
the  upper  part  of  a  dorsal  leaf-division.  X  225.  19.  Cells  trom  the  apex  ot  the  same 
division.  X  22s.  20.  Perigonial  bract,  X  40.  Figs.  14.  16-19  were  drawn  from 
Norwegian  specimens  collected  by  E.  J^irgensen  and  distributed  in  Schiffner's  Hep. 
Europ.  Euic.  464:  Figs.  x$.  20.  from  Norwegian  specimens  collected  by  B.  Kaalaas 
and  distributed  in  the  same  exsiccatae  46^. 

Hcx)ker  stated  definitely  that  the  only  fruiting  plants  he  had  seen 
were  Scotch  specimens  furnished  by  Dickson.  Pearson*  did  not 
know  fruiting  plants  at  all;  his  description  and  figures  of  the  bracts 
and  perianths  were  drawn  from  Cuban  sjK'cimcns  referred  to 
//.  juniperina,  his  idea  l)einj;  that  the  ref)r(Kluctive  parts  in  this 
*  Hep.  British  Islet  100.  10 1.  pi.  jO.  /.  //.  ij.     i^oo. 
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species  would  not  differ  appreciably  from  those  of  H.  adunca. 
Perianths  were  likewise  unknown  to  Stephani,  although  he  quotes 
from  Kaalaas  a  brief  description  of  bracts,  perianths  and  capsule. 
Whether  Kaalaas  actually  saw  these  structures  in  H.  adunca  is, 
however,  doubtful.  The  description  quoted  by  Stephani  was 
taken  (with  certain  arbitrary  changes)  from  the  account  of  the 
genus  given  by  Kaalaas,*  the  account  of  the  species  merely  stating 
that  the  reproductive  organs  were  "ut  in  genere."  According  to 
Macvicar  female  plants  are  frequent,  but  perianths  are  unknowTi 
in  the  British  Isles.  He  quotes  Hooker's  statement  about  Dick- 
son's fruiting  plants  but  suggests  that  there  was  probably  some 
mistake  on  Dickson's  part.  If  this  idea  could  be  substantiated 
there  would  be  no  evidence  left  that  H,  adunca  had  ever  been  found 
in  fruit.  It  is  to  be  hoped  that  further  explorations  may  be 
rewarded  by  the  discovery  of  the  missing  parts,  although  a  per- 
sistent sterility  would  not  be  surprising  in  the  present  genus, 
where  other  well-marked  species  apparently  produce  neither  arche- 
gonia  nor  antheridia. 

2.  Herberta  Sendtneri  (Nees)  comb.  nov. 

Schisma  Sendtneri  Nees,  Naturg.  europ.  Leberm.  3:  575.  1838. 
Jungermannia  Sauteriana  Hiiben.  &  Genth,  Deiitschl.  Leberm. 

108,     1839  (nomen  nudum);  G.  L.  &  N.  Syn.  Hep.  240.     1845 

(as  synonym). 
Sendtnera  Sauteriana  Nees;  G.  L.  &  N.  Syn.  Hep.  240.     1845. 
Schisma  stramineum  Dumort.  Bull.  Soc.  Bot.  Belgique  13:  123. 

1874  (in  part).     Not  1831. 
Herberta  straminea  Trevis.    Mem.   R.   1st.  Lomb.    III.  4:    396. 

1877  (in  part). 

Brownish  green,  not  glossy,  growing  in  more  or  less  extended 
mats:  secondary  stems  erect  or  ascending,  sparingly  and  irregu- 
larly branched,  rigid,  mostly  5-8  cm.  long,  about  0.35  mm.  (or 
fifteen  cells)  wide  and  0.3  mm.  (or  twelve  cells)  thick,  the  cells 
everywhere  with  strongly  thickened  walls:  leaves  imbricated,  more 
or  less  secund,  broadly  ovate,  mostly  1. 2-1. 6  mm.  long  and 
0.75-1. 1  mm.  wide,  bifid  one  half  or  a  little  more,  the  divisions  (in 
explanate  leaves),  slightly  or  not  at  all  curved,  acute  to  acuminate, 
mostly  0.6-0.9  rnrn-  ^o^ig  ^^d  0.4-0.55  mm.  wide,  margin  irregu- 

*  Nyt  Mag.  f.  Naturv.  33:  223.     1893. 
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larly  toothed  near  the  base,  the  teeth  mostly  two  to  five  on  each 
side,  sometimes  small,  sometimes  larger  and  lobe-like;  vitta  in- 
distinct even  in  the  basal  region,  extending  into  the  divisions  but 
soon  coming  to  an  end,  undivided  portion  about  0.25  mm.  long 
and  0.35  mm.  wide;  cells  of  vitta  mostly  40-70  X  18  m  in  the 
basal  portion  and  30-40  X  16  p  in  the  divisions,  marginal  cells 
in  the  basal  portion  about  14  p  in  diameter,  cells  between  margin 
and  vitta  about  16  fi  in  diameter;  thickenings  distinct  in  the  ver- 
tical walls,  mostly  4-6  m  wide;  cuticle  distinctly  striolate-verru- 
culose,  especially  near  the  base:  underleaves  similar  to  the  leaves 
but  shorter  and  more  symmetrical:  inflorescence  unknown. 

The  following  specimens  have  been  examined : 

Austria  (Tirol):  Kleiner  Rettenstein  near  Jochl)erg,  A. 
SauUr  (distributed  as  Sendtnera  Sauteriana  in  Rabenhorst*s  Hep. 
Europ.  jja);  near  Kitzbiihel,  August,  1882,  /.  BreidUr;  Ross- 
kogl,  F.  Arnold  (distributed  as  Sendtnera  Sauteriana  in  Gottsche 
&  Rabenhorst's  Hep.  Europ.  422) ;  Sellraintal,  August,  1912,  //.  von 
Handel- MazzeUi  (distributed  as  //.  strantinea  in  Schiffner's  Hep. 
Europ.  Exsic.  468). 

MQllerand  other  writers  cite  the  species  from  Bavaria  and 
Salzburg,  as  well  as  from  Tirol. 

The  present  species  bears  a  strong  resemblance  to  the  true 
//.  adunca  and  it  is  not  at  all  surprising  that  l>otanists  have  some- 
times had  difficulty  in  distinguishing  them.  Both  normally  grow 
in  broad  mats,  their  color  is  much  the  same  except  for  the  fact 
that  //.  Sendtneri  seems  never  to  lye  tinged  with  red  or  purple, 
their  leaves  are  equally  imbricated  and  divided  to  al>out  the  same 
extent,  their  divisions  are  less  cur\'ed  than  in  most  species  of  the 
genus,  and  the  vitta  is  poorly  define<l  in  both,  the  branches  coming 
to  an  end  far  below  the  apices  of  the  leaves.  At  the  sarfie  time 
they  exhibit  excellent  diflFerential  characters.  The  leaves  in 
//.  Sendtneri  are  relatively  broader  than  in  //.  adunca,  the  same 
thing  is  true  of  the  leaf-divisions,  and  the  thickenings  in  the  leaf 
cells  arc  less  conspicuous,  those  in  the  vertical  walls  l)eing  only 
about  half  as  wide.  The  most  striking  differences  lK*tween  the 
two  species,  however,  are  to  Ix?  found  in  the  bas.1l  teeth.  In 
//.  adunca,  as  already  nott^l,  basal  teeth  are  either  absent  alto- 
gether or  else  occur  as  a  rare  abnormality.  In  //.  Sendtneri  they 
form  a  conspicuous  feature  of  the  siKTJes.     It  is  true  that  they 


Digitized  by  VjOOQIC 


214  Evans:  Notes  on  genus  Herberta 

may  not  be  present  on  every  individual  leaf.  Nevertheless,  if  a 
series  of  leaves  is  examined,  the  majority  will  show  the  basal 
teeth  clearly.  Some  of  the  teeth  consist  of  single  cells,  but  most 
of  them  are  three  to  ten  cells  long  and  often  two  to  four  cells  wide 
at  the  base.  Occasionally  an  even  larger,  lobe-like  tooth  is 
present.  Although  the  basal  teeth  are  almost  always  marginal 
it  is  sometimes  possible  to  demonstrate  a  surface  tooth. 

3.  Herberta  Hutchinsiae  (Gottsche)  sp.  nov. 

Jungermannia  juniperina  fi  Hook.  Brit.  Jung.  pi.  4.      1812  (in 

part). 
Sendtnera  adunca  /3  Hutchinsiae  Gottsche;  Rabenhorst,  Hep.  Eur. 

210  (accompanying  text).     1862. 
Herberta  adunca  p  Hutchinsiae  Schiflfn.     Lotos  60:  54.     1912. 

Yellowish  or  brownish  green,  sometimes  tinged  with  red  or 
purple,  often  somewhat  glossy,  growing  in  more  or  less  extensive 
mats  or  in  pendent  tufts,  sometimes  mixed  with  other  bryophytes: 
secondary  stems  erect,  ascending  or  pendulous,  rigid,  mostly  5-10 
cm.  long  but  sometimes  shorter,  about  0.25  mm.  (or  fourteen  cells) 
wide  and  0.2  mm.  (or  twelve  cells)  thick,  the  cells  everywhere  with 
thickened  walls,  although  showing  a  fairly  marked  difference 
between  cortical  and  median  regions:  leaves  imbricated,  strongly 
secund,  unsymmetrical,  narrowly  ovate,  mostly  1.2-1.5  mm.  long 
and  0.45-0.5  mm.  wide,  the  divisions  strongly  curved  and  more  or 
less  divergent,  acuminate  to  long-acuminate,  mostly  0.8-1.2  mm. 
long  and  0.2-0.25  mm.  wide;  margin  normally  entire;  vitta  dis- 
tinct, extending  far  out  into  the  divisions  but  hardly  to  the  apices, 
undivided  portion  mostly  0.15-0. 18  mm.  long  and  0.25-0.3  mm. 
wide;  cells  of  vitta  mostly  30-75  X  14-18  m  in  the  basal  portion 
and  25-50  X  18-20  M  in  the  divisions,  marginal  cells  in  the  basal 
region  mostly  16-20  /x  in  diameter,  cells  between  margin  and  vitta 
mostly  18-24 /i  in  diameter;  thickenings  distinct,  in  the  vertical 
walls  about  6n  wide;  cuticle  faintly  but  distinctly  striolate- 
verruculose:  underleaves  similar  to  the  leaves  but  symmetrical, 
squarrose,  and  with  straight  div^isions:  male  inflorescences  normally 
borne  in  an  interrupted  series  in  the  upper  part  of  a  stem,  more 
rarely  on  a  lateral  or  ventral  branch;  bracts  and  bracteoles  mostly 
in  four  to  six  series,  similar  to  the  leaves  but  with  straighter  and 
less  divergent  divisions  and  a  broad  basal  pocket,  about  I  mm.  long 
and  0.45  mm.  wide,  margin  subentire  to  sparingly  and  irregularly 
denticulate;  antheridia  mostly  two  or  three  in  each  axil:  female 
inflorescence  apparently  always  terminal  on  a  stem,  often  with 
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one  or  more  subfloral  innovations;  bracts  and  bracteoles  similar, 
in  about  three  series,  those  of  the  innermost  series  mostly  2.5-3.5 
mm,  long  and  0.7-0.9  mm.  wide,  suberect  and  appressed  to  the 
perianth,  bifid  a  little  more  than  one  half  with  slender,  acuminate; 
subparaliel  divisions,  margin  copiously  and  shortly  denticulate  or 
dentate  to  or  just  above  the  level  of  the  sinus,  otherwise  entire; 
bracts  and  bracteole  of  the  other  series  a  little  shorter  and  often 
squarrose,  the  divisions  usually  more  or  less  divergent,  the  margin 
varying  from  denticulate  to  coarsely  and  irregularly  dentate; 
paraphyllia  occasionally  present,  small  and  irregular;  perianth 
ovate,  not  contracted  at  the  mouth,  about  3.5  mm.  long  and  0.8 
mm.  wide,  divided  for  about  half  the  length  into  six  lanceolate, 
long-acuminate  divisions,  papillae  numerous  along  the  margins  of 
the  divisions  near  the  base  and  on  the  inner  surface  of  the  perianth, 
usually  sessile  but  sometimes  borne  on  very  short  stalks:  capsule 
brown,  oval,  about  l  mm.  in  diameter,  splitting  usually  into  six 
to  eight  valves;  spores  brown,  about  25  p  in  diameter,  minutely 
echinulate;  elaters  brown,  usually  with  two  loose  spirals,  rarely 
with  three,  about  10  p  wide.     (Plate  8.] 

The  following  specimens  have  been  examined : 

Norway:  Lyse  near  Stavanger,  July,  1897,  E.  Jdrgensen  (dis- 
tributed as  if.  adunca  fi  Hutchinsiae  in  Schiffner's  Hep.  Eur.  Exsic. 
466;  specimens  from  the  same  locality  listed  by  Kaalaas,  as  H, 
adunca,  in  Nyt.  Mag.  f.  Naturv.  40:  247.     1902). 

Scotland:  Moidart,  Inverness,  1898,  1899  and  1901,  5.  M. 
MacvUar  (listed  as  //.  adunca  in  Jour.  Bot.  37:  [3].  1899;  speci- 
mens from  same  region  distributed  as  //.  adunca  fi  Hutchinsiae 
in  Schiffner's  Hep.  Europ.  Exsic.  467);  without  definite  locality 
or  date,  specimen  from  Hooker  herbarium;  Ben  Vorlich,  July, 
1901,  5.  Af,  Macvicar;  Ben  Lavigh,  July,  1901,  R.  H.  Meldrum. 

England:  Borrowdale,  Cumberland,  July,  1844,  Mr.  Broum; 
April,  1893,  W,  II,  Pearson. 

Wales:  Craig-y-can,  Merioneth,  May,  1877.  C.  /.  Wild  &r 
W.  II.  Pearson  (distributed  as  //.  adunca  in  Carrington  &  Pearson's 
Hep.  Brit.  Exsic.  42). 

Ireland:  Ban  try,  Miss  Ilutchins;  Killarney,  B.  Carrington 
(distributed  as  Sendtnera  adunca  P  Hutchinsiae  in  Rahtnhorst's 
Hep.  Europ.  210) \  Brandon  Mountain,  D.  Moore  (distributed  as 
** Sendtnera  juniperina  Nees  =  Sendtnera  adunca  Dickson  **  in 
Gottsche  &  Rabenhorst's  Hep.  Europ.  4Q1);  same  locality,  no 
date,  W.  MiUen,  several  si>ecimens;  same  locality,  1881,  D.  Mc- 
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Ardle;  Mangerton  Mountain,  no  date,  W,  Mitten;  Mt.  Cromaglown, 
R.  Spruce;  without*  definite  locality  or  date,  specimen  from  the 
Hooker  herbarium. 

Alaska  :  Sitka,  collector  and  date  unknown  (specimen  received 
from  Lindberg,  in  the  Austin  herbarium);  Yes  Bay,  August,  1895, 
T,  Howell  18 10  (listed  as  H.  adunca  by  the  writer  in  Proc.  Wash. 
Acad.  Sci.  2 :  309.  1900) ;  Hot  Spring,  Baranof  Island,  June,  1899, 
W.  Trelease  1323 a,  1808  (Harriman  Expedition,  listed  as  H. 
adunca  by  the  writer,  /.c);  Metlakatla,  May,  1913,  R,  B.  Wylie 
76,  Q7;  T,  C.  Frye  log  in  part;  Ratz  Harbor,  June,  1913.  T.  C. 
Frye  30Q;  Saltery  Cove,  June,  1913,  T*  C.  Frye  320;  Nichols  Bay, 
June,  1913,  r.  C.  Frye  384;  Morse  Cove,  June,  1913,  T.  C.  Frye 
446;  Brownson  Bay,  June,  1913,  T.  C,  Frye  470;  A,  S,  Foster  517; 
Augustine  Bay,  July,  1913,  T,  C,  Frye  561;  A.  S,  Foster  677;  Port 
San  Antonio,  July,  1913,  T.  C.  Frye  605,  64Q;  Aats  Bay,  July, 
1913,  T.  C.  Frye  925.  The  specimens  of  Frye,  Foster,  and  Wylie 
were  collected  under  the  auspices  of  the  Kelp  Investigation 
Expedition  of  the  United  States  Bureau  of  Soils.  They  have 
already  been  listed  by  the  writer,  as  H.  adunca,  in  Bull.  Torrey 
Club  41:  601.     1915. 

British  Columbia:  Fraser  Reach.  Princess  Royal  Island, 
June,  1899,  F.  V.  Coville  &  T,  H,  Kearney  (Harriman  Expedition, 
probably  the  basis  for  Osgood's  record  of  //.  adunca  in  U.  S.  Dept. 
Agric.  Biol.  Surv.  Bull.  21:  14.  1901);  Port  Renfrew,  August, 
1902,  5.  A,  Skinner  (listed  as  H,  adunca  by  the  writer  in  Postelsia 
1906:  228);  Ucluelet,  1909,  J,  Macoun  2  (specimens  from  same 
locality  distributed  as  H.  adunca  by  Miss  Haynes  in  Amer.  Hepat. 
72  and  by  Macoun  in  Can.  Liverworts  <Sj);  Swanson  Bay,  May, 
1913,  r.  C.  Frye  1174  (Kelp  Expedition). 

The  specimens  collected  by  Miss  Hutchinsat  Bantry,  Ireland, 
and  now  preserved  in  the  Mitten  herbarium  at  the  New  York 
Botanical  Garden,  should  be  considered  the  type  of  the  species. 

The  following  records  for  //.  adunca  from  Alaska  should  also 
be  noted :  without  definite  locality,  date  or  collector's  name  (listed 
by  Unden\'ood  in  Zoe  i:  366.  1891);  St.  Paul  Island,  Pribolof 
Islands,  C  //.  Merriam  (listed  by  Merriam  in  Proc.  Biol.  Soc. 
Washington  7:  150.  1892).  Underwood's  record  was  probably 
based  on  Lindberg's  specimens  cited  above.     Merriam's  record, 
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however,  was  based  on  specimens  in  the  United  States  National 
Herbarium,  which,  in  the  writer's  opinion,  represent  a  slender 
form  of  Anthdia  julacea  (L.)  Dumort.  This  species  is  now  known 
from  several  localities  in  Alaska,  and  additional  specimens,  essen- 
tially like  those  of  Merriam,  were  collected  on  St.  Paul  Island,  in 
1897,  by  T.  C.  Kincaid  (49). 

The  narrower  and  more  deeply  divided  leaves  of  H.  Hutchin- 
siae,  with  their  more  slender  and  strongly  curved  divisions  will 
usually  distinguish  the  species  from  H,  adunca  at  a  glance.  In 
doubtful  cases  the  distinct  vitta  extending  far  out  into  the  divisions 
will  decide  the  determination.  The  more  gradual  tapering  of  the 
divisions  is  clearly  brought  out  by  counting  their  width  in  cells. 
In  //.  Hutchinstae,  if  the  counts  are  made  at  a  distance  of  0.2  mm. 
from  the  apices,  the  divisions  are  found  to  have  a  width  of  from 
two  to  four  cells;  in  H.  adunca  the  corresponding  counts  will 
usually  give  from  five  to  eight  cells.  Counts  at  the  bases  of  the 
divisions  are  much  less  conclusive,  on  account  of  the  fact  that  the 
divisions  in  H.  Huichinsiae  are  relatively  longer,  the  bases  there- 
by being  often  as  wide  as  in  H.  adunca. 

Among  the  specimens  listed  above,  those  from  Norway  are 
somewhat  aberrant.  Although  some  of  the  shoots  conform  closely 
to  the  type,  others  bear  leaves  which  are  considerably  larger. 
One  of  the  largest  leaves  measured  had  a  length  of  2.4  mm.  and  a 
width  of  0.95  mm. ;  another,  a  length  of  2  mm.  and  a  width  of  i  mm. 
The  dorsal  divisions  of  these  measured,  respectively,  1.2  X  0.45 
mm.  and  1.05  X  0.4  mm.  Since  these  leaves  are  relatively  broader 
than  is  usual,  it  might  appear  at  first  sight  as  if  the  large-leaved 
shoots  approached  //.  adunca,  but  the  distinct  vittae  present  would 
seem  to  preclude  this  idea.  In  all  probability  they  represent 
shoots  developed  under  unusual  conditions,  perhaps  exceptionally 
favorable  from  a  nutritive  standF)oint;  the  large  leaves  might  then 
be  regarded  as  abnormal. 

The  androecia  in  //.  Ilukhinsiae  are  not  absolutely  constant  in 
position.  In  normal  cases  they  are  l)orne  on  the  secondar>'  stems 
just  as  in  //.  adunca.  Under  these  circumstances  an  androecium 
usually  proliferates  at  the  apex  and  then  produces  a  new  androe- 
cium after  a  short  series  of  vegetative  leaves.  In  several  instances, 
however,  androecia  on   ventral   or  lateral   branches   have   been 
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observed.  These  are  apparently  never  produced  unless  the  growth 
of  the  main  male  axis  is  brought  to  an  end  in  some  way,  possibly 
through  the  failure  of  an  androecium  to  proliferate,  possibly 
through  an  accident  of  some  sort.  In  either  case  a  branch  tends 
to  take  the  place  of  the  main  axis  and  to  assume  its  functions, 
precisely  as  a  ventral  branch  of  a  sterile  axis  or  a  subfloral  innova- 
tion would  do.  When,  therefore,  an  androecium  is  borne  on  a 
branch  of  this  character,  its  position  can  not  be  regarded  as  typical. 
These  considerations  gain  in  significance  when  H,  Hutchinsiae 
is  compared  with  H.  dicrana  (Tayl.)  Trevis.,  a  closely  related 
species  of  the  Himalayas.  The  writer's  knowledge  of  this  species 
is  largely  based  on  specimens  received  from  Levier  and  collected 
by  Decoly  and  Schaul  {782)  near  Kurseong  in  Sikkim-Himalaya, 
in  May,  1899.  These  specimens  contain  both  male  and  female 
plants  and  are  of  especial  interest  because  they  served  as  the  basis 
for  Schiffner's  statements  regarding  the  androecia  of  H,  dicrana,* 
He  notes  their  occurrence  on  the  ends  of  branches,  their  small 
size,  the  small  number  of  bracts  (about  four  pairs)  which  they 
bear,  and  the  fact  that  they  are  sterile  at  the  apices.  The  branches 
which  bear  the  androecia  are  ventral  and  vary  greatly  in  length. 
Sometimes  the  development  of  the  antheridia  brings  the  growth 
of  the  branch  to  an  end,  but  a  sterile  proliferation  of  the  androecium 
often  occurs.  The  formation  of  the  male  branches  seems  to  be  a 
perfectly  normal  process  and  is  not  preceded  by  a  cessation  of 
growth  of  the  main  stem  as  in  H,  Hutchinsiae,  It  follows,  there- 
fore, that  what  occurs  abnormally  in  the  northern  species  has 
become  normal  in  the  Himalayan  species.  It  should  be  noted, 
however,  that  ventral  androecia  are  not  absolutely  constant  even 
in  H,  dicrana.  One  example  was  observed  where  the  androecium 
was  borne  on  a  main  stem;  it  had  somewhat  larger  bracts  and 
bracteoles  than  the  ventral  androecia  but  resembled  them  in  other 
respects.  Aside  from  the  difference  in  the  position  of  the  andro- 
ecia, H.  dicrana  resembles  //.  Hutchinsiae  very  closely.  The 
leaves  and  underleaves,  the  bracts  and  bracteoles,  and  the  perianths 
are  much  the  same  in  the  two  species,  although  the  divisions  of  the 
leaves  in  //.  dicrana  usually  are  less  strongly  curved.  The  latter 
species,  moreover,  is  slightly  larger,  the  leaves  are  less  crowded 
and  the  thickening  of  the  cell-walls  is  less  pronounced. 

♦  Hedwigia  50:  148,     19 10. 
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4.  Herberta  tenuis  sp.  nov. 
Sckisma   juniperinum    Sulliv,    Muse.    Alleg.    2S8.     1846.     Not 

Dumort. 
Sendtnera  juniperina  Sulliv.;  A.  Gray.  Man.  689.     1848.     Not 

Nees. 
Ilerberia  adunca  Underw.  Bot.  Gaz.  14:  195.     1889.     Not  S.  F. 

Gray. 

Yellowish  or  brownish  green,  rarely  tinged  with  red,  growing  in 
more  or  less  extensive  mats:  secondary  stems  erect  or  ascending, 
sparingly  and  irregularly  branched,  rigid,  mostly  2-4  cm.  long, 
about  0.15  mm.  (or  ten  cells)  wide  and  0.13  mm.  (or  nine  cells) 
thick,  outer  layer  of  cells  with  strongly  thickened  walls,  interior 
cells  with  slightly  thickened  walk$:  leaves  scattered  to  loosely 
imbricated,  subsquarrose  to  slightly  secund,  a  little  unsymmetrical, 
fiutmvate,  mostly  0.9-1  mm.  long  and  0.3-0.35  mm.  wide,  bifid 
two  thirds  to  three  fourths,  divisions  (in  explanate  leaves), 
divergent,  slightly  or  not  at  all  curved,  long-acuminate,  mostly 
0.6-0.7  mm.  long  and  0.15-0. 18  mm.  wide,  margin  entire  or  with 
an  occasional  basal  tooth;  vitta  distinct,  extending  far  out  into 
the  divisions  but  not  to  the  apices,  undivided  portion  about 
o.i  mm.  long  and  1.5  mm.  wide;  cells  of  vitta  mostly  20-55  X  14  m 
in  the  basal  portion  and  20-35  X  14/1  in  the  divisions,  marginal 
cells  in  the  basal  region  about  14  fi  in  diameter,  in  the  divisions 
about  17  Mt  <*^lls  l>etween  margin  and  vitta  about  20  /x;  thickenings 
distinct  but  not  so  strongly  developed  as  in  most  species,  in  the 
vertical  walls  mostly  3-4  p  wide;  cuticle  minutely  striolate-ver- 
niculose:  underleaves  similar  to  the  leaves  but  symmetrical; 
inflorescence  unknown.     [Text  figs.  21-29.] 

The  following  specimens  have  Ix^il  examint*d : 

New  York:  Kaaterskill  Falls,  Catskill  Mountains,  C,  IL  Peck 
(listed  by  Peck,  as  Sendtnera  juniperina,  in  Rep.  New  York  State 
Mus.  Nat.  Hist,  ig:  70.  1866;  both  "CauterskilP*  Falls  and  High 
Peak,  Catskill  Mountains,  are  mentionetl  here).;  Austin's  Hep. 
Bor.-Amer.  82,  distributed  as  Sendtnera  juniperina,  is  also  //. 
Unuis  and  may  possibly  include  some  of  Peck's  material,  the  laln^l 
reading:  "Catskill  Mountains,  New  York,  Peck,  (»rt»t»nw(xxl  Mts,, 
N.  J.,  Aust,;  also  in  the  Alleghanies  southward.** 

New  Jersey:  Greenwood  Mountains,  Passaic  (\)unty,  No- 
vember, 1866,  C  F.  Austin  (listed  by  Britton,  as  //.  adunca,  in 
Cat.  PI.  New  Jersey  351.  iH8());  Austin's  Hep.  Bor.-Anier.  6-? 
(sec  above)  is  probably  made  up  largely  of  material  from  this 
k>cality. 
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Pennsylvania:  Stony  Creek,  Somerset  County,  F.  Wolle. 

Virginia:  summit  of  White  Top  Mountain,  Washington 
County,  May,  1892,  A.  M.  Vail  fir  E.  G.  Britton  p,  pj,  and  numer- 
ous unnumbered  specimens;  same  locality  and  date,  /.  K,  SmaU 
77i  79  (listed  by  Small  &  Vail,  as  H.  adunca^  in  Mem.  Torrey 
Club  4:  193.     1894). 

West  Virginia:  Tibbs  Run,  Monongalia  County,  September, 
1892,  C.  F.  Millspaugh  1659  (listed  by  Millspaugh,  as  H,  adunca,  in 
Prelim.  Cat.  Fl.  W.  Va.  496.  1892);  Quarry  Run,  Monongalia 
County,  1903,  A.  LeR,  Andrews. 


Figs.  21-29.  Herberta  tenuis  Evans 
21-25.  Leaves,  X  40.  26.  Transverse  section  of  a  mature  stem,  X  225, 
27.  Cells  from  the  lower  part  of  a  leaf,  including  the  vitta  just  above  the  forking. 
X  225.  28.  Cells  from  the  upper  part  of  a  doisal  leaf-division,  X  225.  29.  Cells 
from  the  apex  of  a  division,  X  225.  Fig.  21  was  drawn  from  specimens  distributed 
in  Austin's  Hep.  Bor.-Amer.  82;  the  remaining  figures,  from  the  type  specimen. 

North  Carolina:  "in  montibus  Carolinae,"  F.  Michaux 
(listed  by  Michaux,  as  Jungermannia  sertularoides,  in  Fl,  Bor. 
Amer.  2:  278.  1803),  the  label  reading  as  follows:  '*Junga  ser- 
tularoides  Rich.  Fl.  b.  Am.  a  Jung,  trichophylla  vox  aut  non 
distincta!     Hb.  Hooker";  "in  montosis  editissimis  Carolinarum," 
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1843.  A.  Gray  6f  W.  S.  Sullivanl  (distributed,  as  Schisma  juniperi- 
num,  in  Sullivant's  Muse.  Alleg.  2S8,  and  listed  by  Sullivant,  as 
Sendtnera  juniperina,  in  A.  Gray,  Man.  689.  1848);  top  of 
Black  Mountain,  June,  1850,  L.  Lesquereux;  Grandfather  Moun- 
tain, August,  1891,  J.  K.  Small  32  (also  distributed,  as  H.  adunca, 
in  Underwood  &  Cook's  Hep.  Amer.  72(^ ;  Grandfather  Mountain, 
September,  1901,  G.  F.  Atkinson  11420, 11501  (listed  by  Andrews, 
as  £f.  adunca,  in  Bryologist  17:  59.  1914);  near  Shulls  Mills, 
Blue  Ridge  Mountains,  September,  1901,  G.  F.  Atkinson  12054 
(listed  by  Andrews,  /.c). 

Dr.  Small's  specimen  from  North  Carolina,  No.  32,  may  be 
designated  the  type. 

Two  additional  records  for  H.  adunca  from  the  eastern  United 
States  may  likewise  be  noted,  namely:  Carbon  County,  Pennsyl- 
vania, E.  A.  Ran  (listed  by  Porter  in  Cat.  Bryoph.  &  Pteridoph. 
Pennsylvania  9.  1904),  and  mountains  of  western  North  Carolina, 
1907.  A,  J.  Grout  (listed  by  Grout  in  Bryologist  la:  54.  1909). 
In  all  probability  these  records  were  based  on  H.  tenuis. 

The  present  species  is  closely  related  to  //.  Hutchinsiae  but  is 
considerably  smaller.  Although  at  first  sight  the  small  size  might 
appear  to  be  due  to  poor  development,  the  study  of  a  large  series  of 
specimens  from  many  localities  shows  pretty  conclusively  that 
this  is  not  the  case.  The  size  is  of  course  subject  to  more  or  less 
variation,  as  in  all  species  of  Herberta,  but  the  measurements  of 
the  leaves  given  in  the  description  represent  a  fair  average  of  the 
more  robust  plants  studied,  and  are  only  about  two  thirds  as 
great  as  the  corresponding  measurements  in  //.  Hutchinsiae.  The 
difference  in  size  is  brought  out  with  especial  clearness  by  counting 
the  width  of  the  basal  portion  in  cells  bet^'een  the  vitta  and  the 
margin.  In  H.  Hutchinsiae  such  a  count  would  give  from  five  to 
seven  cells;  in  H.  tenuis  from  three  to  five  cells.  Aside  from  the 
difference  in  size  the  slightly  curved  or  straight  divisions  in  H. 
tenuis  and  the  thinner  cell-walls  will  distinguish  the  species  from 
//.  Hutchinsiae,  where  the  divisions  are  normally  strongly  curved 
and  the  thickening  of  the  cell-walls  much  more  distinctly  marked. 

The  basal  teeth  in  //.  tenuis,  although  an  inconstant  feature, 
deserve  a  few  words  of  comment.  When  they  occur  there  may 
be  on^  or,  rarely,  two  teeth  on  each  side,  and  the  underleaves  tend 
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to  produce  them  more  frequently  than  the  side-leaves.     The  teeth 

are  of  fair  size,  often  involving  several  cells,  and  may  be  rounded  or 

sharp.     In  the  latter  case  they  are  especially  conspicuous  (Text 

FIG.  24).     It  has  already  been  noted  that  teeth  form  an  important 

feature  of  the  leaves  in  H,  Sendtneri,  whereas  in  H.  adunca  and 

H.  Hutchinsiae  the  margin  is  normally  entire.     H.  tenuis  occupies 

an   intermediate  position  in   this   respect,   the  teeth  being   less 

frequent  than  in  H.  Sendtneri  but  more  frequent  than  in  either  of 

the  other  species. 

The  present  paper  is  based  largely  on  material  in  the  herbarium 

of  Yale  University.     This  has  been  supplemented  by  specimens 

from  the  Taylor  herbarium  at  Harvard  University  and  from  the 

herbarium   of   the   New   York   Botanical    Garden.      Additional 

specimens  have  been  received  from  Professsr  A.  LeRoy  Andrews 

of  Cornell  University,  from  Mr.  S.  M.  Macvicar  of  Invermoidart, 

Scotland,  and  from  Mr.  C.  Jensen  of  Hvalso,  Denmark.      The 

writer  would  express  his  sincere  thanks  to  all  who  have  aided  him 

in  his  work. 

Sheffield  Scientific  School, 
Yale  University. 

Hxplanation  of  plate  S 

Herberta  Hutchinsiae  (Gottsche)  Evans 

Figs.  1-3.    Leaves,  X  40. 

Fig.  4.     Cells  from  the  lower  part  of  a  leaf,  showing  the  basal  vitta,  X  225. 

Fig.  s.  Cells  from  the  dorsal  base  of  a  leaf,  showing  two  rudimentary  teeth. 
X  225. 

Fig.  6.     Cells  from  the  upper  part  of  a  dorsal  leaf-division,  X  225. 

Fig.  7.     Cells  from  the  apex  of  the  same  division,  X  225. 

Figs.  8,  9.     Perigonial  bracts,  X  40. 

Fig.  10.     Perichaetial  bract  from  next  to  the  last  pair,  X  27. 

Fig.  II.     Perichaetial  bract  from  the  innermost  pair  of  the  same  involucre,  X  27. 

Fig.  12.     Paraphyllium  from  the  same  involucre,  X  27. 

Fig.  13.     Perianth,  spread  out  flat,  X  27. 

Fig.  14.     Transverse  section  of  perianth,  X  40. 

Fig.  I  was  drawn  from  Irish  specimens  collected  by  B.  Carrington  and  distri- 
buted in  Rabenhorst's  Hep.  Europ.  2io\  Fig.  2,  from  Scottish  specimens  collected 
by  S.  M.  Macvicar  and  distributed  in  Schiffner's  Hep.  Europ.  Exsic.  4^7;  the  re- 
maining figures,  from  specimens  collected  by  T.  C.  Frye  at  Port  Antonio,  Alaska,  640, 
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Notes  on  Hawaiian  Lobelioideae,  with  descriptions  of  new  species  and 

varieties 

Joseph  F.  Rock 
(with  plates  9-l6) 

The  writer  has  prepared  a  monograph  on  the  Hawaiian  lobeiioi- 
deous  genera  Cyanea,  Rollandia,  Clermontia,  Delissea,  Tremato- 
lobelia  and  Brighamia,  and  on  the  endemic  species  of  the  genus  Lo- 
Mia.  But  owing  to  the  length  of  time  necessary  for  the  publica- 
tion of  the  rather  voluminous  manuscript  of  the  whole  monograph, 
he  thought  it  wise  to  publish  the  new  species  first  in  botanical  peri- 
odicals or  bulletins.  The  majority  of  the  new  species  of  Cyanea 
and  Clermantia  have  appeared  in  the  writer's  book  on  the  In- 
digenous Trees  of  the  Hawaiian  Islands  (1913),  in  Botanical  Bul- 
letin No.  2,  of  the  College  of  Hawaii  Publications  and  in  the  Bul- 
letin of  the  Torrey  Botanical  Club.  With  two  exceptions  the 
species  and  varieties  described  in  the  present  paper  belong  to  the 
genus  Cyanea,  which  has  by  far  the  largest  number  of  species  of 
the  lobelioideous  genera  represented  in  the  Islands.  Clertnontia 
comes  next,  with  Rollandia  and  Delissea  following. 

1.  C]ranea  noli-me-tangere  sp.  nov. 

Plant  subherbaceous,  3-20  dm.  high,  terrestrial,  branching  only 
when  broken,  spinescent  throughout,  with  the  exception  of 
the  fruit  and  corolla;  stem  green,  somewhat  fleshy,  entirely 
covered  with  strong,  pale  yellow,  hollow  spines;  leaves  bright 
green,  ovate-oblong,  somewhat  acute  at  the  apex,  rounded  at  the 
base,  thin  in  texture,  irregularly  and  sinuately  notched,  with 
minute,  mucronulate  teeth  along  the  margin,  covered  with  yellow 
spines  at  more  or  less  regular  intervals  of  7-10   mm.  on   both 

(The  BuJleiiD  for  April  (44:  167-328.     pi.  7.  S)  wah  i^i^ucd  April  i6.  1817.I 

*?>o 
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surfaces,  9-21  cm.  long,  4-7.5  cm.  wide,  on  spinescent  petioles 
1.5-4  cm.  in  length,  glabrous  or  slightly  pubescent;  inflorescence 
axillary,  the  spinescent  peduncle  2-2.5  cm.  long,  multibracteate 
two  thirds  its  length;  pedicels  6-10  mm.  long  when  in  flower,  20 
mm.  when  in  fruit,  pubescent  with  whitish  hairlets;  calyx  similarly 
pubescent,  calycine  lobes  triangular,  acuminate,  3  mm.  long; 
corolla  greenish  white,  slightly  pubescent,  strongly  curved,  4  cm. 
long,  of  unequal  width,  broadest  portion  (7  mm.)  beyond  the  dor- 
sal slit,  the  latter  extending  one  third  the  length  of  the  corolla, 
upper  corolla  lobes  12  mm.  long,  the  three  lower  8  mm.  long;  sta- 
minal  column  green,  glabrous,  as  are  the  anthers,  only  the  two 
lower  being  penicillate;  stigma  pubescent;  fruit  orange-colored, 
pubescent,  ovoid,  i  cm.  long;  seeds  dark  brown,  shining.    [Plate  9. J 

Hawaii:  terrestrial,  in  the  forests  of  Glenwood,  usually  in 
the  more  or  less  uniform  fern  forest  at  an  elevation  of  3,500  feet, 
March  20,  1908,  H,  L.  Lyon  8847  (fruiting  specimens);  December 
23, 1914,  J.  F,  Rock  &  M,  L,  Copeland  10351  (flowering  specimens), 
type.  Both  specimens  are  in  the  herbarium  of  the  College  of 
Hawaii. 

Maui:  in  the  rain  forest  on  the  northwestern  slopes  of  Mt. 
Heleakala,  along  the  Honomanu  trail,  April,  1911,  /.  F.  Rock  Sygda 
(leaf  specimens  only) ;  in  the  forests  back  of  Nahiku,  at  an  eleva- 
tion of  4,000  feet,  April,  191 1,  /.  F.  Rock. 

In  Hillebrand's  herbarium  in  the  Botanical  Museum  at  Berlin 
there  are  four  specimens  of  a  Cyanea  which  he  labeled  with  a 
manuscript  name.  Three  of  these  came  from  Molokai  and  one 
from  Maui.  Two  of  the  specimens,  which  are  undoubtedly  related 
to  the  writer's  C.  noU-me-ta^igere,  belong  to  Cyanea  scabra  Hillbrd., 
while  the  others  represent  two  varieties,  probably  of  the  latter. 

Cyanea  noli-me-tangere  differs  from  Cyanea  scabra  in  the  spines- 
cent leaves  and  in  the  corolla  lobes  which  are  smooth  instead 
of  scabrous.  The  corolla  lobes  of  Hillebrand's  plants  are  also 
scabrous.  Cyanea  noli'me-tangere  is  related  to  Cyanea  palakea 
Forbes.  It  diff^ers  from  it  in  the  longer-petioled,  spinescent 
leaves,  which  are  ovate  to  obovate-oblong  and  not  sinuate. 
Cyanea  palakea  Forbes  seems  to  be  very  close  to  the  writer's 
Cyanea  stictophylla  from  near  the  locality  where  Forbes  collected 
his  specimens. 
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2.  Cyanea  Copelandii  sp.  nov. 

Plant  herbaceous,  epiphytic,  30-40  cm.  tall,  not  branching, 
f»tem  fleshy  throughout,  green,  with  distant  leaf  scars;  leaves  dark 
grt*en,  oblong,  acuminate  at  the  apex,  gradually  narrowing  and 
slightly  roundeil  l>elow,  22.5-27  cm.  long,  5-8  cm.  wide,  on  petioles 
4-5  5-5  <^ni.  long,  midrib  prominent  underneath  as  are  the  veins, 
the  latter  slightly  impressed  above,  margin  of  leaf  unevenly  wavy, 
minutely  and  closely  denticulate,  denticulation  mucronulate, 
glabrate  above,  slightly  pubescent  below,  especially  the  veins  and 
midrib,  pubescence  consisting  of  minute  reddish  brown  hairlets; 
inflorescence  axillary',  peduncles  4-5  cm.  long  when  in  flower,  5.5  cm. 
long  when  in  fruit,  with  a  rusty  colored  pubescence;  pedicels  three 
or  four,  11-16  mm.  long,  2  mm.  thick,  cal>Tc  greenish  with  purplish 
tinge,  pubescent,  ovarian  portion  ovoid-oblong,  I  cm.  high,  6  mm. 
in  diameter,  ten-ribbed,  the  calycine  lobes  triangular-dentiform, 
the  tips  dark  purplish,  2  mm.  long;  corolla  yellowish  flesh-colored, 
blightly  curved  when  open,  of  equal  width  throughout,  4  cm.  long, 
6  mm.  wide,  the  dorsal  slit  extending  not  quite  to  the  middle,  the 
two  upper  lobes  2  cm.  long,  the  three  lower  I  cm.  long,  with  a 
puq>lish  pubescence  mainly  along  the  nerves,  the  tips  of  the  lobes 
mucronulate;  staminal  column  green,  pale,  perfectly  glabrous,, 
shorter  than  the  corolla,  the  tube  glabrous  inside,  with  the  ex- 
ception of  the  base  which  is  tufted  with  whitish  hairlets;  style 
green,  glabrous,  stigma  slightly  tuo-lobed;  anthers  glabrous,  the 
tiwer  only  penicillate;  fruit  dark  orange,  oblong,  15  mm.  long,  10 
mm.  wide,  slightly  ribbed,  crowned  by  the  calycine  teeth.     (I^late 

10.1 

Hawaii:  on  trunks  of  trees  and  tree  ferns,  not  common, 
in  the  rain  forest  of  Glenwood,  at  an  elevation  of  3,500  feet, 
December  23,  1914,  7.  F.  Rock  cf  ^f.  L,  Copeland  10J50  (flowering 
and  fruiting  specimens),  type,  in  the  herbarium  of  the  College  of 
Hawaii. 

Named  for  my  friend,  Mr.  M.  L.  Copeland,  who  accompanied 
me  on  lx)tanical  excursions  on  Hawaii.  The  sfH'cies  Ixion^^s  to  the 
herbaceous  cyaneas  and  is  relatcxi  to  Cyanea  stictophylla  Rock 
and  Cyanea  communis  Rock. 

3.  C]ranea  Femaldii  s[).  nov. 

leaves  lanceolate-oblong,  thin  in  texture  when  dr>'  (charta- 
ceous),  dark  green  above,  paler  underneath,  with  prominent  mid- 
rib. sut)cntire  with  somewhat  wav>'  margin,  minutely  and  closely 
denticulate,    bluntly   acuminate   at    the   apix,   34-40   cm.    lonj;. 
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puberulous  on  both  sides,  the  apparently  fleshy  petiole  12  cm.  or 
more  in  length,  near  the  blade  of  the  leaf  showing  signs  of  rauri- 
cation;  peduncle  fleshy  (apparently),  nearly  as  long  as  the  petioles, 
8-10  cm.  long  or  a  little^ore,  naked  its  entire  length,  pubescent  with 
round  scars  near  the  apex;  bracts  foliaceous,  3.5  cm.  long,  dentate, 
only  present  at  the  apex  of  peduncle;  pedicels  short,  filiform,  12-15 
mm.  long,  pubescent;  calycine  lobes  triangular,  2.5  mm.  long,  the 
ovarian  portion  of  calyx  7  mm.  long,  oblong,  nearly  cylindrical,  pu- 
bescent; corolla  evidently  white,  pubescent  outside,  slightly 
curved,  4  cm.  long,  6  mm.  wide,  glabrous  inside,  the  lobes  not 
muricate;  staminal  column  glabrous,  as  well  as  anthers,  the  lower 
only  penicillate;  fruit  unknown.    [Plate  ii.] 

Hawaii:  without  definite  locality,  1851-1855,  /.  Remy  301, 
type.  Specimens  are  preserved  in  the  herbarium  of  the  Natural 
History  Museum  at  Paris  and  in  the  Gray  Herbarium. 

The  specimen  in  the  Paris  Museum,  a  photograph  of  which  is 
here  reproduced,  is  labeled  Rollandia  and  Delissea;  the  duplicate 
in  the  Gray  Herbarium  is  marked  Rollandia  Humboldtiana  Gaud. 
That  the  species  is  not  a  Rollandia  is  evidenced  by  the  free  stam- 
inal column,  while  the  absence  of  dorsal  knobs  would  separate 
it  from  Delissea.  The  species  belongs,  in  fact,  to  the  section 
Cyaneae  genuinae  and  comes  exceedingly  close  to  Cyanea  pkUy- 
phylla  Hillbrd.,  differing  in  the  long,  narrowly  oblong  leaves  and 
in  the  exceedingly  long  peduncles;  otherwise  the  two  species  cor- 
respond closely. 

The  plant  is  named  for  Professor  Fernald  of  the  Gray  Herba- 
rium, to  whom  the  writer  is  indebted  for  many  favors  received  and 
especially  for  the  loan  of  this  particular  species.  The  type  is  in  the 
Gray  Herbarium,  Remy,  No.  301.  The  writer  had  at  first  drawn 
up  a  description  from  the  specimen  in  the  Paris  Museum,  which  is 
much  better  than  the  type  specimen.  Unfortunately  the  descrip- 
tion was  in  some  way  lost  after  the  specimen  had  been  returned  to 
Paris.  Professor  Fernald  then  sent  me  again  the  one  in  the  Gray 
Herbarium,  from  which  the  description  is  drawn.  The  illustration 
represents  the  much  more  complete  specimen  in  the  Paris  Museum. 
The  writer  had  the  Paris  and  Gray  collections  of  Lobelioideae  at 
his  disposal  for  study  at  the  same  time,  so  there  is  no  mistake  in 
the  identity  of  both  specimens  here  in  question. 


Digitized  by  VjOOQIC 


Rock:  Notes  on  Hawaiian  Lobelioideae  233 

4.  Cyanea  Remjri  sp.  nov. 

Plant  glabrous  throughout;  leaves  thick,  chartaceous,  mostly 
38-40  cm.  long  and  15  cm.  wide,  on  petioles  10-12  cm.  long; 
peduncle  7-8  cm.  long,  pedicels  filiform,  i  cm.  long;  flowers  (only  a 
single  flower  bud  remaining)  purplish  pink,  glabrous,  and  of  very 
thin  texture.    [Plate  12.] 

Kauai  or  Niihau:  without  definite  locality,  1851-1855.  /. 
Remy  302  bis,  type,  in  the  herbarium  of  the  Natural  History  Mu- 
seum at  Paris.  The  specimen  is  labeled  Delissea  but  represents  a 
typical  Cyanea,  The  species  has  not  again  been  collected  and  is 
\*ery  distinct.  Nothing  is  known  in  regard  to  height  or  habit  of 
growth. 

5.  Cyanea  Bishopii  Rock,  Indig.  Trees  Haw.  Isl.  509.     1913. 

Cyanea  Kunthiana?  Hillbrd.  Fl.  Hawaiian  Isl.  264.     1888.     Not 

Delissea  Kunthiana  Gaud. 

Maui:  on  the  ridge  overlooking  Wailuku,  back  of  Lahaina, 
West  Maui,  January,  1871,  £.  F.  Bishop,  type;  slopes  of  Haleakala, 
wet  forest  between  Waikamoi  and  Honomanu  Gulch,  along  Kula 
pipe  line  trail  in  dense  swampy  jungle,  west  of  Olinda,  East  Maui, 
at  an  elevation  of  4200  feet,  October,  1910.  /.  F,  Rock  8572 
Uniiting  specimens);  May,  1911,  /.  F.  Rock  8806  (flowering  speci- 
mens). Type  specimens  are  preserved  in  the  Gray  Herbarium 
and  in  the  herbarium  at  Berlin  (Plate  13) ;  the  other  two  specimens, 
which  agree  with  the  type,  are  in  the  herbarium  of  the  College  of 
Hawaii  (Plate  14). 

With  the  type  specimen  in  the  Gray  Herbarium  is  a  letter 
addressed  to  Professor  Asa  Gray  by  Mr.  Bishop,  who  writes  as 
follows: 

I  have  recfnlly  come  to  East  Hampton.  June  15.  1872.  from  the  Hawaiian  Inlands 
wdA  have  brought  a  few  plant;*  which  I  have  collettcd.  While  there  I  !ia<l  cunimuni- 
cation  with  Dr.  Hillcbrand  who  has  made  large  collections.  But  he  ielt  for  Germany 
where  he  iotendi  publishing  a  work  on  the  Uland  Flora.  I  have  therefore  $>ome 
plants  which  are  entirely  new.     All  my  collectitint  ha\e  been  made  on  Wej*t  Maui. 

I  eodoae  two  plants  herewith:  a  Cyanta  found  at  an  elevation  of  4.000  Xwi.  It 
was  uafortunately  not  quite  open  but  the  bud>  are  large  and  ai)i>arently  of  lull  --i/e. 
The  pbuit  haa  a  simple  upright  stem  about  2  to  4  fi'^t  higli.  Ihere  aie  prc'taMy 
to  to  15  fuU-«ixed  leaves  closely  rangt^]  at  the  apex  01  the  plant.  1  he  bptvimt  n  is 
fuU  sited.     Found  January.  1871. 

He  then  refers  to  the  other  plant,  a  Ila^peromavnia;  at  the 
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foot  of  the  letter  is  a  note,  probably  written  by  Professor  Gray,  as 
follows:  "Write  and  send  the  Cyanea  to  Hillebrand." 

Hillebrand  referred  this  plant  doubtfully  to  Cyanea  Kunthiana 
(Gaud.)*  a  species  figured  but  not  described  by  its  author*  under 
the  name  Delissea  Kunthiana.  That  it  is  not  this  species  is  ex-i- 
denced  by  the  fact  that  the  lobes  of  the  mature  corolla  are  exceed- 
ingly short  and  retrorsely  dentate  or  scabrous;  the  whole  aspect, 
moreover,  is  different  from  the  plant  figured. 

6.  Cyanea  tnmcata  comb.  nov. 

Rollandia  truncata  Rock,  Coll.  Haw.  Publ.  Bot.  Bull.  2 :  44.  1913. 
After  careful  reconsideration,  while  arranging  the  manuscript 
for  his  monograph  on  the  Hawaiian  Lobelioideae  two  years  ago,  the 
writer  came  to  the  conclusion  that  this  species  must  be  trans- 
ferred to  the  genus  Cyanea.  The  staminal  column  is  free  from  the 
corolla  and  therefore  belongs  to  Cyanea,  even  if  the  whole  outward 
appearance  is  decidedly  that  of  a  Rollandia.  It  seems  to  furnish 
the  intermediate  between  the  two  genera,  as  was  pointed  out  by 
the  writer  in  the  original  publication.  Cyanea  Juddii  Forbes  (Occ. 
Pap.  Bish.  Mus.  6:3,  68.  1916)  is  probably  identical  with  it. 
The  type  of  the  species  is  shown  on  Plate  15. 

7.  Cyanea  angustifolia  Hillebrandii  var.  nov. 

Cyanea  angustifolia  (Cham.)  Hillbrd.  Fl.  Hawaiian  Isl.  253.    1888 

(in  part) . 

A  small,  sparingly  branching  shrub  2  m.  high,  branches  slender, 
glabrous;  leaves  ovate  to  ovate-oblong,  8-14  cm.  long,  3-4  cm. 
wide,  on  petioles  2.5-3.5  cm.  long,  glabrous  above,  puberulous 
underneath,  serrulate  to  crenulate,  acute  at  both  ends,  peduncle 
very  short,  1-1.5  cm.  long;  pedicels  5-10  mm.  long,  flowers  as  in 
the  typical  form  of  the  species,  only  very  small,  15  mm.  long,  1.5 
mm.  wide. 

Maui:  northern  slopes  of  Mt.  Haleakala,  Keanae  Valley,  at  an 
elevation  of  1,000  feet,  April,  191 1,  J.  F.  Rock  8/pg  (flowering 
specimens),  in  the  herbarium  of  the  College  of  Hawaii. 

♦  Voy.  Bonite  pi.  77-     1839-52. 
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8.  Cyanea  angustifoUa  lanaiensis  var.  no  v. 

Cyanea  angusiifolia  /9.  Hillbrd.  /.  c. 

Plant  3-4  m.  high,  branching  a  few  decimeters  above  ground, 
the  branches  erect  and  densely  foliose  at  the  apex;  leaves  dark 
green,  membranous,  glabrous  on  both  sides,  elongate-oblong, 
bluntly  acute  at  the  apex,  rounded  at  the  base,  or  slightly  uneven- 
sided,  coarsely  serrAte  with  uncinate  teeth,  10-18  cm.  long,  4-5 
cm.  wide,  on  petioles  4.5-6  cm.  long;  racemes  much  shorter  than 
in  the  typical  form  of  the  species,  about  3.5  cm.  long,  few-flowered, 
flowers  smaller,  whitish. 

Lanai:  without  definite  localities,  1851-56,  /.  Rcmy  304; 
July.  1870,  W.  HUlebrand;  Mahana  Valley,  July,  1910,  /.  F.  Rock 
X0257;  Kaiholena  Valley,  July,  1910,  /.  F,  Rock  8053*  The  first 
specimen  mentioned  is  in  the  herbarium  of  the  Natural  History 
Museum  at  Paris;  the  last  two,  in  the  herbarium  of  the  College  of 
Hawaii. 

The  variety'  lanaiensis  differs  from  the  typical  form  of  the 
species  in  the  broader  leaves,  rounded  at  the  base  and  coarsely 
serrate  with  uncinate  teeth;  also  in  the  short  and  few-flowered 
racemes. 

9.  Cyanea  feroz  horrida  var.  nov. 
Cyanea  ferox  /3  var.  Hillbrd.  Fl.  Hawaiian  Isl.  259.     1888. 

A  branching  shrub  18-22  dm.  high  branching  usually  at  the 
base,  trunk  and  branches  covered  with  thorns;  leaves  all  pinnati- 
sect,  crowded  at  the  apex  of  the  branches  for  about  25  cm.,  pe- 
duncles arranged  all  along  the  branches  for  about  25  cm.,  four  to 
&vxi  flowered,  bracteate  at  the  apex,  bracts  5  mm.;  pedicels  10  mm., 
bracteolate  at  the  middle;  flowers  unknown;  berry  ovoid,  20-25 
mm.,  bright  yellow,  crowned  by  the  calycine  lolx^s. 

Maui:  western  slope  of  Mt  Haleakala,  in  dense  forest  on  the 
slopes  of  the  crater  Puukakai,  at  an  elevation  of  4,500  feet,  along 
watercourses,  quite  abundant  in  company  with  Cyanea  hamatiflora 
Rock,  Rubus  hawaiensis  Gray,  Cyanea  macroste^ia  Hillbrd.,  etc.i 
March,  1912, /{{H-Jfc  cf  Ceresole  1005^  (fruiting  specimens),  in  the 
herbarium  of  the  College  of  Hawaii. 

10.  Cyanea  Grimesiana  cylindrocalyx  var.  nov. 

Leaves  pinnate  at  the  base,  pinnatistTt  towards  the  apex,  the 
pinnae  sinuately  notched  or  lolnxl,  the  1oIh\s  denticulate;  cal>Tc 
tube  long,  c>'lindrical,  2.5-3.5  cni-t  including  the  ovarian  [)ortion. 
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irregularly  lobed,  the  lobes  of  uneven  length  from  4-10  mm.,  corolla 
more  or  less  hidden  in  the  calyx  tube,  dark  purple;  the  upper 
anthers  not  bearded.    [Plate  16.] 

Hawaii:  Waipio  Bay,  December,  1851  (?),/.  Remy  jog  (with- 
out flower  or  fruit),  in  the  herbarium  of  the  Natural  History  Mu- 
seum at  Paris;  Waipio  Valley  (Waima  branch),  July  16,  1909, 
/.  F.  Rock  462Q  (flowering  specimen),  type,  in  the  herbarium  of 
the  College  of  Hawaii. 

A  distinct  variety,  differing  in  the  very  shortly  and  unevenly 
lobed,  cylindrical  calyx,  and  in  the  upper  anthers  which  are  not 
bearded ;  the  leaves  are  not  openly  pinnate,  but  closely  pinnate  in 
the  lower  portion  and  pinnatisect  in  the  middle  and  upper  portions 
of  the  leaf. 

1 1 .  Cyanea  Hardyi  sp.  nov. 

A  small  tree  5-7  m.  in  height,  with  several  straight  ascending 
branches  bearing  large  crowns  of  leaves  at  the  apices;  branchlets 
covered  with  leaf-scars;  leaves  narrow,  linear-oblong,  chartaceous, 
the  margins  crenulate  to  denticulate,  denticulations  close  in  the 
upper  portion,  coarser  and  wider  apart  in  the  second  third, 
lacking  at  the  base,  midrib  prominent  underneath,  the  veins 
purplish,  closely  reticulate,  dark  green  above,  lighter  underneath, 
20-30  cm.  long,  2.5-5  cm.  wide,  acuminate  to  acute  at  the  apex 
gradually  tapering  into  a  margined  petiole  2.5-8  cm.  in  length; 
racemes  very  slender,  axillary,  in  the  axils  of  the  leaves  and 
below  the  crown  of  leaves  in  the  axils  of  the  scars  of  fallen  leaves, 
20-25  cm.  long,  naked  in  the  lower  three  fourths,  minutely  brac- 
teate;  the  filiform  pedicels  bibracteolate  at  the  middle;  flowers 
deep  purplish  black,  the  calyx  turbinate,  strongly  ribbed  when 
dry,  minutely  toothed;  corolla  semi-curved,  the  dorsal  slit  ex- 
tending to  the  middle,  glabrous,  anthers  and  staminal  column 
glabrous,  the  lower  anthers  bearded;  fruit  unknown. 

Kauai:  Olokele  Canyon,  at  an  elevation  of  1400  feet,  Novem- 
ber, 1 91 5,  W,  V.  Hardy  12767  (flowering  sj>ecimens),  type,  in  the 
herbarium  of  the  College  of  Hawaii;  Olokele  Canyon,  one  mile 
from  intake,  October,  1916,  /.  F.  Rock  12765  (sterile  specimens 
only);  same  locality,  October,  1916,  A,  P.  Hitchcock  15242,  in 
the  United  States  National  Herbarium;  below  Kaholuamano,  at 
an  elevation  of  2600  feet,  October,  1916,  J,  F.  Rock  12766  (with 
undeveloped  racemes). 

The  species  is  named  in  honor  of  Mr.  W.  V,  Hardy,  Assistant 
Engineer  in  the  United  States  Hydrographic  Survey. 
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In  the  College  of  Hawaii  Publications.  Botanical  Bulletin  2, 
the  writer  stated  that  Cyama  coriacea  (Gray)  Rock  was  a  very 
variable  8p>ecie8  and  that  the  racemes  in  J.  Remy's  No.  302,  pre- 
served in  the  herbarium  of  the  Natural  History  Museum  at  Paris, 
were  not  fully  developed.  This  number  was  collected  on  the 
island  of  Kauai,  in  1852,  and  a  dupUcate  specimen  preserved  in 
the  Gray  Herbarium  served  as  the  type  of  Delissea  coriacea  Gray 
(Cyanea  coriacea  Rock).  The  species  is  characterized  by  thick, 
leathery,  long-petioled  leaves  and  by  very  short  and  stout  racemes* 
It  has  recently  been  collected  by  W.  V.  Hardy  in  the  Waioli  River 
Basin,  Kauai,  at  an  elevation  of  5000-7000  feet,  this  being  the 
second  known  locality  for  the  plant. 

Another  species  of  Cyanea^  with  racemes  7-22  cm.  in  length,  is 
known  to  the  writer  from  abundant  material.  It  was  originally 
collected  by  Hillebrand  and  referred  by  him  to  Delissea  coriacea 
Gray.  It  was  afterwards  found  by  the  Abb6  Faurie  and  proposed 
as  a  new  SF>ecies  by  L6veill6  under  the  name  Cyanea  Fauriei,  the 
long  racemes  l)eing  emphasized  in  his  description.  This  species 
is  clearly  distinct  from  Delissea  coriacea  and  must  stand  as  a  good 
species. 

In  certain  respects  C.  Ilardyi  is  intermediate  between  C.  Fauriei 
and  C  coriacea.  It  differs  mainly  in  its  leaves,  which  are  linear- 
obk>ng  and  acuminate,  tapering  gradually  into  a  margined  petiole. 
It  is  further  characterized  by  its  habit  and  by  its  dark  purplish 
black  inflorescence.  In  C.  Fauriei  the  leaves  are  olwvate-oblong, 
mnth  longer  petioles  and  abruptly  cuneate  at  the  base,  the  petioles 
not  being  margined;  the  inflorescence  is  pale  lilac  and  more  robust. 

The  following  species,  given  in  their  natural  order,  range  into 
each  other  and  are  consequently  very  closely  related :  C.  coriacea, 
C.  Fauriei,  C  Ilardyi,  C.  spathulata  Rock,  C.  angustifolia  (Cham.) 
Hillbrd..  C.  comata  Rock,  and  perhaps  C  Mannii  Rock  and  L\ 
ohtusifolia  Rock. 

12.  Lobelia  kauaiensis  villosa  var.  no  v. 

Stem  6-10  dm.  high,  covered  with  leaf-scars  as  in  the  typical 
form  of  the  species,  inflorescence  branching  candelabra-like,  or  a 
single  spike  about  55  cm.  long  and  i  cm.  or  more  in  dianieter, 
villous-hairy  throughout,  light  grt*en  in  color;  lower  leaves  oblong. 
sessile  with  a  broad  base.  9-14  cm.  long,  3.5  cm.  wide         h  thi 
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prominent  midrib  and  obscure  venation,  bluntly  acute  at  the  apex, 
glabrous  below  with  the  exception  of  the  midrib  and  the  entire 
margin,  pubescent  above,  upper  leaves  gradually  reduced  to 
foliaceous,  broadly  ovate  bracts;  raceme  more  densely  flowered 
than  in  the  typical  form,  villous,  the  flowers  arranged  along  the 
upper  third  of  the  spike,  pedicels  and  calycine  tube  villous  with 
whitish  gray  hairs,  the  calycine  lobes  green,  but  ciliate  at  the 
margin;  corolla  shorter  than  in  the  typical  form  but  broader, 
whitish  green,  the  veins  very  indistinct,  only  visible  in  the  buds, 
slightly  purplish  tinged. 

Kauai  :  Mt.  Waialeale,  at  an  elevation  of  5,000  feet,  September 
23,  1909,  /.  F.  Rock  5823a  (flowering  specimens) ;  October  21,  I9i6f 
/.  F.  Rock  &  A,  S.  Hitchcock  12741  (also  flowering  specimens), 
type.  Both  specimens  are  preserved  in  the  herbarium  of  the 
College  of  Hawaii. 

A  much  stouter  plant  than  the  typical  form  of  the  species,  differ- 
ng  in  the  broad,  fleshy,oblong  leaves,and  broad, ovate  bracts.  The 
whole  aspect  of  the  plant  is  different ;  the  typical  form  is  glabrous  and 
has  dark  purple,  slender,  glabrous  racemes,  while  the  racemes  in  the 
variety,  which  is  almost  worthy  of  specific  rank,  are  thick,  stout, 
bright  green  and  villous  throughout.  The  villosity  and  compact  char- 
acter of  the  plant  are  not  due  to  location,  for  both  the  typical 
form  and  the  variety  grow  side  by  side  in  the  open  bog  of  Mt. 
Waialeale  on  the  island  of  Kauai,  at  an  elevation  of  5,000  feet,  in 
company  with  Compositae,  Drosera  longifolia  L.,  several  species  of 
Plantago,  Panicum  monticola  Hook,  f.,  P.  isachnoides  Munro,  P. 
imbricatum  Hillbrd.  and  Oreobolus  furcatus  H.  Mann. 

13.  Lobelia  Gaudichaudii  coccinea  var.  nov. 

Stem  3-7  dm.  long,  foliose  at  the  apex,  the  single  spike  about 
60  cm.  long,  leaves  narrow,  oblong,  bluntly  acute  at  the  apex,  nar- 
rowing at  the  base  but  sessile,  15-18  cm.  long,  about  1.5  cm. 
wide;  the  raceme  open-flowered,  glabrous  throughout,  flowers 
smaller  than  in  the  typical  form  of  the  species,  glabrous,  deep  car- 
mine red. 

Oahu:  summit  of  Mt.  Konahuanui,  on  the  very  edge  of  the 
cliff  overlooking  Waimanalo,  September,  1912,  Glen  W,  Shaw 
12742  (flowering  specimens),  type;  Mt.  Lanihuli,  September,  1914, 
/.  P.  Nelson  &  J,  Stone  10003  (flowering  and  fruiting  specimens). 
Both  specimens  are  preserved  in  the  herbarium  of  the  College  of 
Hawaii. 


Digitized  by  VjOOQIC 


Rock:  Notes  on  Hawaiian  Lobelioideae  239 

This  rather  handsome  plant  is  quite  distinct  from  the  true 

Lobelia  Gaudichaudii  DC,  differing  in  the  smaller  deep  red  flowers, 

narrow   lanceolate   leaves  with  a  pubescent   midrib,   and  long, 

slender,  loosely  flowered,  glabrous  raceme. 

CoLLBGB  or  Hawaii. 

Honolulu.  Tbrritory  op  Hawaii. 

CxpUmatton  of  plates  9-l« 

Platb  9 
CyaiMd  noli-mu-tang€rt  Rock.     Photograph  of  the  typ«  Bpecimen. 

Platb  id 
Cymntm  Copelandii  Rock.     Photograph  of  the  typ«  specimen,  somewhat  reduced. 

Plate  ii 
CyAMM  Ftmoldii  Rock.     Photograph  of  the  specimen  in  the  Paris  Museum. 

Plate  12 
Cynt^  tUmyi  Rock.     Photograph  of  the  type  specimen. 

Plate  13 
Cyanta  Biskopii  Rock.      Photograph  of  the  spedmen  in   the    herbarium  at 
Berlin. 

Plate  14 
Cycnea  Biskopii  Rock.     Photograph  of  East  Maui  specimen  collected  by  the 

Plate  15 
CyMtsa  trunciUa  Rock.     Photograph  of  the  type  specimen. 

Plate  16 
Cyanga  Grimesiana  cylindrocalyx  Rock      Photograph  of  the  type  specimen. 
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A  critical  study  of  certain  species  of  Mucor* 

Altrbo  H.  W.  Povab 

(WTTB  PLATES   I7-20) 

I.     INTRODUCTION 

The  Mucorales  have  been  widely  investigated  in  Europe  for  the 
past  half  century;  consequently  much  has  been  written  about 
them  and  many  have  been  described.  In  this  country,  however, 
such  has  not  been  the  case;  for,  with  the  exception  of  several 
papers  on  some  of  the  rarer  genera,  Blcikeslee's  (1904)  important 
publications  on  the  sexual  reproduction  of  the  group  comprise 
the  only  American  contributions  to  a  knowledge  of  these  most 
interesting  fungi.  The  Mucorales  include  a  large  number  of 
forms,  exhibiting  considerable  variation;  in  fact,  the  individual 
plants  are  quite  plastic,  so  that  we  may  obtain  striking  differences 
within  the  species  under  different  external  conditions,  such  as 
medium,  light,  temperature  and  moisture.  It  is,  therefore,  ex- 
tremely desirable,  when  dealing  with  descriptions  of  species  in  this 
group,  to  have  full  data  on  the  most  important  growth  conditions. 
Thus  far  this  fundamental  fact  has  been  under-emphasized  in  the 
work  on  the  mucors,  especially  on  the  taxonomic  side. 

The  object  of  the  present  work  is  an  attempt  to  standardize 
and  unify  the  genus  Mucor  with  reference  to  the  morphology'  of 
its  individual  species  and  their  cultural  reactions.  The  lack  of  a 
general  knowledge  of  the  physiological  attributes  of  the  many 
species  which  have  hitherto  been  described  makes  it  desirable  to 
give  these  forms  a  detailed  comparative  study  in  order  that  some 
fundamental  standard  for  their  future  classification  may  be  ob- 
tained. 

The  investigations,  upon  which  this  paper  is  based,  have  been 
carried  on  during  the  years  1913, 1914,  and  1915  in  theCryptogamic 
Laboratory  of  the  University  of  Michigan  under  the  direction  of 

*  CooUibuUon  No.  159  from  the  Botanical  Department  of  the  University  of 
Michisan. 

241 


Digitized  by  VjOOQIC 


242  Povah:  A  critical  study  of 

Dr.  C.  H.  Kauffman,  whose  constant  interest  and  helpful  criticism 
are  hereby  gratefully  acknowledged  by  the  writer. 

II.     HISTORICAL 
I.   Culture  Methods 

In  De  Bary's  Morphologic  und  Physiologic  der  Pilze,  Flechten 
und  Myxomyceten  (1866)  the  application  of  cultural  methods 
to  Mtu:or  is  mentioned  for  the  first  time,  in  the  following  words: 
"Sie  [Mucor  Mucedo]  wachst  spontan  und  in  den  Culturen  auf 
faulenden  Friichten,  Speisen,  Zuckerlosungen  und  besonders  iippig 
auf  Mist."  To  Brefeld  (1872),  however,  belongs  the  honor  of  having 
been  the  first  to  realize  the  necessity  of  employing  the  single  spore 
culture  method.  On  page  25  of  the  first  Heft  of  his  Botanische 
Untersuchungen  liberSchimmelpilze,  we  read  the  following:  "Der 
Weg  der  Cultur  einer  einzelnen  Spore  unter  liickenloser  Verfolgung 
ihrer  einzelnen  Entwicklungsmomente,  unter  Vermeidung  der 
vielen  und  zahlreichen  Fehlerquellen,  wie  sie  durch  Invasion 
fremder  Pilzsporen  entstehen,  kann  allein  die  Basis  fiir  die  Kennt- 
niss  und  Klassification  dieser  Schimmelpilze  abgeben.*'  His 
method  was  very  simple.  He  placed  on  a  slide  a  single  spore  in 
a  drop  of  freshly  prepared  horse  dung  decoction.  The  slides 
were  observed  directly  under  the  microscope  and  when  not  in 
use  were  kept  on  a  zinc  plate  covered  with  a  bell  jar  standing  in 
water  to  keep  the  air  moist.  He  undertook  a  study  of  Mucor 
Mucedo  (De  Bary  says  "at  my  instigation")  in  order  to  learn 
whether  De  Bary  was  correct  in  his  "apparently  irregular  pleo- 
morphy"  conception  of  the  "collective  so-called  Mucor  Mucedo'* 
As  a  result  he  found  that  De  Bary,  owing  to  his  crude  culture 
method,  had  been  dealing  with  an  impure  culture,  having  intro- 
duced Chaetocladium  into  the  cycle  of  Mucor  Mucedo, 

G.  Klebs  (1898)  does  not  go  into  detail  with  regard  to  his 
culture  methods,  nor  does  he  mention  a  single  spore  culture.  He 
used,  for  media,  those  substances  which  had  proved  the  most 
favorable  for  the  mold  he  was  studying  {Sporodinia  grandis  Link). 
These  he  found  to  be  bread  soaked  with  plum  juice,  slices  of  carrot 
and  plum  juice  agar. 

Oudemans  and  Koning  (1902),  making  a  study  of  the  myco- 
logical  flora  of  the  soil  of  the  Netherlands,  give  their  technique  ia 
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detail.  They  used  soil  extract  with  lo  per  cent,  gelatin  or  1.5 
per  cent.  agar,  but  inasmuch  as  some  fungi  grew  very  slowly  on 
these  media,  they  added  2  per  cent,  of  either  saccharose  or  glucose. 
The  following  nutrient  also  proved  very  good  in  some  cases:  **  wort 
55,  water  50,"  saccharose  2  percent.,  gelatin  10 per  cent.,  or  agar 
1 .5  per  cent.  This  medium  always  gave  an  acid  reaction,  but  was 
u>e<l  without  neutralization.  The  manipulation  may  be  outlined 
an  follows:  a  fragment  of  humus  from  near  the  surface  of  the  soil 
in«is  intrcnluced  into  a  (previously  sterilized)  platinum  crucible. 
AlH>ut  1  c.c.  of  sterile  water  was  then  added,  and  the  fragment 
of  humus  was  triturated  with  a  flamed  glass  rod,  flattened  at  the 
end.  A  small  amount  of  this  infusion  was  transferred  with  a 
platinum  l(X)p  to  a  test  tube  containing  alK)Ut  10  c.c.  of  water. 
The  contents  of  the  test  tube  were  then  emptied  on  a  poured  plate 
(Petri  dish),  which  was  inclined  so  as  to  allow  the  excess  water 
to  drain  off.  Their  so-called  pure  cultures  were  made  in  one 
of  the  following  ways:  by  cutting  out  a  piece  of  the  substratum 
with  the  organism  on  it;  by  transferring  a  fragment  of  the  my- 
celium: or  by  transferring  some  spores  to  a  newly  poured  plate. 
In  Hagem*s  (1908)  method  we  are  at  once  impressed  with  the 
fact  that  to  him  pure  cultures  from  a  single  spore  are  prerequisites 
for  any  investigation.  His  method  is  as  follows:  with  a  platinum 
neetlle  some  spore  material  was  transferred  to  a  flask  containing 
alK)ut  30  c.c,  of  sterile  water.  After  a  vigorous  shaking  to  separate 
the  spores,  a  few  cubic  centimeters  of  the  dilution  were  poured 
into  a  second  flask  containing  water.  This  was  repeated  once 
more  and  then  2  c.c.  of  this  final  dilution  were  poured  into  a 
Petri  dish  containing  solid  nutrient  material,  care  being  taken 
that  the  entire  surface  was  moistened;  the  excess  water  was 
then  fK>ured  off.  After  the  cultures  had  st<K)d  for  two  or  three 
ilays  at  room  temperature,  the  cover  of  the  Petri  dish  was  re- 
mox-ed  and  the  plate  was  examined  under  the  microscope  for 
an  isolated  growth  derived  from  a  single  sjwre.  If  such  was  found, 
it  was  cut  out  and  transferre<l  with  a  small  amount  of  the  sub- 
stratum to  a  nei*'  dish.  In  his  isolation  of  the  soil-inhabiting 
forms,  Hagem  simply  sprinkled  a  small  amount  of  soil  over  thrtn? 
or  four  Petri  dishes  containing  nutrient  me<lia.  The  one  caution 
that  he  gives  is  that  forms  must  Ik*  sti)arate(l  as  MK)n  as  the 
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sporangia  are  formed;  otherwise  small  forms  are  overgrown  by 
the  larger  and  more  rapidly  growing  ones. 

Blakeslee  (1904),  in  his  epoch-making  study  on  the  Sexual 
Reproduction  in  the  Mucorineae,  demonstrates  his  skill  as  a 
master  of  culture  technique.  In  addition  to  the  usual  methods 
of  gross  and  single  spore  culture,  he  devised  a  novel  procedure  for 
isolation  of  the  two  (plus  and  minus)  strains.  This  consisted 
in  teasing  out  an  immature  zygospore  and  placing  it  on  a  nutrient 
suitable  for  growth.  After  many  unsuccessful  attempts  he  dis- 
covered cases  in  which  growth  from  both  suspensors  occurred  in 
sufficient  amount  so  that  they  (both)  could  be  transferred  to  a 
fresh  culture.  In  his  investigations  he  employed  many  different 
kinds  of  media  among  which  may  be  mentioned  fruits,  egg,  potato, 
milk,  urine,  and  bread. 

It  is  difficult  to  appraise  Lendner*s  (1908)  method,  which  he 
does  not  present  in  detail.  Presumably  he  used  single  spore 
cultures,  but  in  discussing  his  methods,  although  he  speaks  of 
"dilution  methods  in  use  in  bacteriology,**  he  makes  no  mention 
of  a  single  spore  method. 

For  isolating  soil  fungi,  Jensen  (191 2)  mentions  several  methods, 
among  which  is  described  an  iron  tube  for  taking  soil  samples. 
This,  however,  proved  unavailable  in  frozen  soil.  Thus  he  dug 
a  trench  24x10x12  inches  deep,  and  after  removing  the  soil 
from  the  side  of  the  trench  with  a  sterile  scalpel,  he  transferred 
the  earth  sample  with  the  reflamed  scalpel  to  a  wide-mouthed 
bottle.  In  plating  out  his  soil  samples  he  either  transferred 
particles  of  soil  to  poured  plates  directly,  or  else  he  made  dilutions 
and  then  inoculated  the  poured  plates  with  this  dilution.  He 
examined  the  inverted  plates  under  the  microscope,  and  when  a 
germinating  spore  was  found,  he  marked  its  location  with  a  drop 
of  India  ink,  cut  it  out,  and  transferred  it  to  a  new  plate. 

As  Rainier  (1883)  and  Schostakowitsch  (1896,  1897,  1898)  do 
not  discuss  their  culture  method  in  any  great  detail,  it  is  impossible 
to  judge  whether  they  used  a  single  spore  as  a  starting  point  for 
their  cultures.  Schostakowitsch  appears  to  have  used  bread 
chiefly  as  a  substratum,  while  Bainier  mentions  having  employed 
horse  dung  and  also  various  sugar  solutions  in  addition  to  bread. 

Sumstine's  (1910)  reference  to  his  cultural  data  is  so  frag- 
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mentary  that  it  is  impossible  to  know  anything  besides  the  sub- 
strata that  he  used.  Among  these,  the  only  nutrient,  with  the 
exception  of  horse  dung  and  meat,  is  bread. 

2.  Taxonomic 

Inasmuch  as  the  early  history  of  the  genus  Mucor  has  been 
given  in  detail  by  Fischer  (1892),  we  shall  begin  with  the  work 
of  Dc  Bary  (1866).  The  latter  included  in  Mucor  many  forms 
which  have  subsequently  been  shown  to  be  distinct.  For  example, 
he  attributed  "an  apparently  irregular  pleomorphy  of  reproduc- 
tive organs"  to  Mucor  Mucedo,  including  and  confusing  with  it 
not  only  Chaetocladium  but  also  Thamnidium.  These  somewhat 
startling  results,  as  we  have  seen  before,  are  to  be  explained  by 
the  crude  culture  methods  in  vogue  in  his  day. 

Brefeld  (1872)  made  an  important  contribution  to  the  system- 
atic study  of  the  Mucorales  by  showing  that  the  polymorphism 
of  previous  authors  did  not  exist.  He  it  was  who  first  gave  us  a 
clear  conception  of  Mucor  Mucedo,  although  he  (at  least  in  his 
early  writings)  included  Sporodinia,  Phycomyces,  Rhizopus,  Chaeto- 
cladium, and  Chaetocladium  in  the  genus  Mucor,  recognizing  only 
one  other  genus,  viz.,  Pilobolus,  However,  after  studying  Chaeto- 
cladium and  Piptocephalis  in  detail  he  decided  that  they  were 
both  generically  distinct  from  Mucor, 

Van  Tieghem  (1873,  1875)  has  contributed  more  to  our  taxo- 
nomic knowledge  of  the  Mucorales  than  any  other  person,  but 
practically  all  of  his  work  lies  outside  the  genus  Mucor,  he  having 
described  and  named  only  two  species,  Mucor  plasmaticus  and 
Mucor  circinelloides.  His  work,  therefore,  in  so  far  as  the  genus 
Mucor  is  concerned,  consisted  in  defining  the  genus  by  removing 
all  the  closely  related  genera  that  were  confused  with  it  at  that 
time.  In  his  second  publication  (1875)  we  have  the  only  reference 
to  his  idea  as  to  the  determination  of  the  species  of  the  genus 
Mucor.  He  says:  **  Depuis  plus  de  trois  ans  que  je  m'occupe  de 
cette  famille,  j'ai  £tudi6  et  cultiv6  plus  de  trent  espies  de  Mucor, 
tx  souvent  encore  j'en  d&ouvre  de  nouvelles.  Elles  se  r6partis- 
•ent  en  quatre  sections.  Le  filament  sporangifdre  demeure,  en 
cffct,  simple  chez  les  unes,  tandis  que  chez  les  autres  il  se  ramifie 
lat6ralement  aprte  avoir  produit  son  sporange  terminal.     Ensuite, 
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suivant  que,  dans  le  premier,  le  filament  sporangif&re  est  dou6  ou 
non  d'accroisement  intercalaire,  qu*il  est  61anc6  ou  trapu,  suivant 
que,  dans  le  second,  le  ramification  s'opfere  en  grappe  ou  en  cyme, 
chacun  de  ces  deux  groupes  se  partage  k  son  tour  en  deux  sections. 
La  monographic  de  genre  Mucor  et  la  description  d6taill6e  des 
nombreuses  esptees  qui  le  constituent  est  done  un  travail  d*assez 
longue  haleine,  qui  doit  faire  Tobjet  d'une  publication  sp6ciale/* 

Schroter  (1889)  did  not  recognize  Circinella^  Rhizopus,  and 
Spinellus  as  genera,  but  regarded  them  as  subgenera  under  Mucor, 
Under  his  subgenus  Eumucoff  which  was  the  genus  as  we  now  con- 
sider it,  he  gave  but  seven  species,  which  are  reduced  to  five  when 
considered  from  our  present  knowledge  of  the  genus.  In  Engler 
and  Prantl's  Die  natiirlichen  Pflanzenfamilien  (1892)  Schroter 
still  retained  his  all  too  comprehensive  genus  Mucor ^  having  added 
a  fifth  subgenus  Pirella. 

Saccardo  (1888)  included  descriptions  of  some  seventy-eight 
species  of  Mucor ^  of  which  less  than  ten  are  now  recognized  as 
authentic  species  of  Mucor,  His  only  separation,  or  attempt  at 
such,  was  a  division  into  two  groups,  the  first  of  which  contains 
those  forms  in  which  the  sporangia  are  slightly  colored  at  maturity; 
the  second,  those  which  have  hyaline  sporangia  at  maturity. 
Under  the  first  division  he  included  a  subdivision  containing  forms 
with  ovoid  spores. 

Fischer  (1892)  was  the  first  to  monograph  the  genus  Mucor, 
giving  twenty-one  species  with  an  analytical  key.  He  first 
divided  them  into  three  sections,  according  to  whether  they  were 
simple,  monopodially  or  sympodially  branched.  These  he  again 
divided :  the  first  section  was  subdivided  according  to  the  nature 
of  the  turf — ^whether  remaining  erect  or  soon  collapsing;  the 
second  and  third  sectionswere  subdivided  according  to  their  method 
of  branching.  Fischer,  referring  to  his  key,  says  that  inasmuch 
as  the  species  have  not  been  studied  thoroughly,  **die  folgende 
Zusammenstellung  kann  deshalb  nur  als  eine  provisorische  betracht 
werden.'* 

Schostakowitsch  (1896,  1897,  1898),  in  his  studies  on  the 
Siberian  mucors,  found  nine  species,  seven  of  which  were  new  to 
science.  He  found  that  Mucor  Mucedo  and  Mucor  racemosus, 
which  were  supposed  to  be  of  common  occurrence  throughout 
the  world,  grew  seldom  if  at  all  in  Siberia. 


Digitized  by  VjOOQIC 


Certain  species  of  Mucor  247 

Although  Bainier  (1883a,  18836,  1903)  described  sixteen  new 
species  of  Mucor ^  only  six  of  these  can  be  identified  from  his  frag- 
mentary descriptions.  Moreover,  not  more  than  two  of  the  six 
species  were  completely  described. 

Blakeslee  (1904),  in  dealing  with  the  genus  Mucor,  merely 
designated  his  different  forms  with  Roman  numerals,  of  which 
I  and  II  were  homothallic  forms  and  III  to  VI  inclusive  were 
species  heterothallic. 

Hagem  (1908,  19106),  limiting  himself  to  a  study  of  the  air- 
and  soil-inhabiting  forms  in  Norway,  isolated  seventeen  species,. 
of  which  seven  were  new.  Although  he  retained  Zygorhynchus 
as  a  genus,  he  did  not  treat  Rhizopus  in  like  manner,  but  reduced  it 
to  a  *'Sul)8ectio"  under  Mucor.  In  his  key  he  retains  Van 
Tieghem's  grouping  into  forms  with  simple,  racemosely,  and 
c>'mosely  branched  sporangiophores. 

l^endner  (1908)  has  satisfied  a  long-felt  need  in  his  publication* 
In  the  preface  to  his  work  we  find  that  he  has  limited  himself  ta 
a  treatment  of  the  genera  which  contain  many  recently  described 
species.  He  recognizes  fift>'-one  species  under  the  genus  Mucor,. 
including  Glomerula  repots  Bain.,  Parasitella  simplex  Bain., 
Zygorhynchus  Moelleri  Vuill.,  and  Zygorhynchus  heterogamus 
Vuill.  under  the  names  Mucor  Glomerula  Lendner  (Bain.),  Mucor 
pcrasUkus  Bain.,  Mucor  Moelleri  Vuill.,  and  Mucor  heterogamus 
Vuill.  respectively.  He,  himself,  collected  but  eighteen  species,. 
of  which  seven  were  undescribed. 

In  his  analytical  key  to  the  species  of  Mucor,  Lendner  used  the 
arrangement  of  Fischer  for  his  three  large  groups,  viz.:  (i)  Mono- 
Mucor  (comprising  the  unbranched  forms),  (2)  Racemo-Mucor 
(branching  in  racemes  or  cor>'mbs),  (3)  Cymo-Mucor  (branching  in 
8>'mpodial  cy-mes).  Under  the  first  division  he  includes  ten 
species,  which  arc  arranged  according  to  the  morphological  char- 
acteristics, such  as  height,  color,  size  of  sporangia,  sporangium 
wall,  shape  of  columella,  spores,  etc.  In  the  second  group  he  has 
twenty  species,  arranged  in  much  the  same  fashion  as  in  the 
first  section.  The  third  group  is  the  largest,  having  one  more 
species  than  the  second.  This  section,  for  the  most  part,  is 
divided  in  the  same  manner  as  the  two  previous  ones,  but  in  two 
places  the  author  makes  use  of  physiological  characteristics  as  a 


Digitized  by  VjOOQIC 


248  Povah:  A  critical  study  of 

basis  for  separation  of  species.  In  the  first  place,  for  example,  he 
separates  Mucor  Jansseni  from  the  remaining  species  by  the 
fact  that  it  grows  poorly  on  "wort  gelatin"  but  well  on  bread; 
in  the  second  place,  he  separates  Mucor  Rouxii  from  the  last  four 
species  by  the  fact  that  on  either  bread  or  "wort  gelatin"  it  forms 
a  short  yellow  down,  while  the  remaining  species  form  a  turf  1-3 
cm.  tall. 

Sumstine  (1910),  in  his  thirty  page  publication  on  the  North 
American  Mucorales,  throws  to  the  winds  all  the  work  of  the  late 
contributors  to  the  group  (Fischer,  Hagem,  Lendner,  etc.)- 
He  separates  from  Mucor  (Mich.)  L.,  as  ordinarily  understood,  the 
genera  Hydrophora  Tode  (which  had  long  been  discarded  for  the 
name  Mucor)  and  Calyptromyces  Karst.  (a  genus  founded  merely 
on  the  fact  that  the  sporangiophores  are  branched).  In  speaking 
of  this  last  genus,  Sumstine  says:  "This  complex  group  contains 
some  forty  described  species  but  the  relationship  of  these  species 
is  not  well  known.  There  seem  to  be  two  modes  of  branching, 
monopodial  and  sympodial.  This  branching  has  been  made  the 
basis  for  the  division  into  two  groups,  Racemo-Mucor  and  Cymo- 
Mucor.  .  .  .  This  division,  however,  is  uncertain  and  unsatis- 
factory." It  is,  in  the  writer's  opinion,  as  unreasonable  to  main- 
tain two  genera,  one  for  branching  and  the  other  for  simple  forms, 
as  to  separate  species  according  to  their  mode  of  branching; 
for  it  has  been  found,  during  the  course  of  this  study,  that  the 
former  distinction  is  practically  cis  difficult  as  the  one  to  which 
Sumstine  objects.  To  give  an  idea  of  the  confusion  caused  by 
the  arrangement  which  this  author  proposes,  let  us  consider  a 
few  cases.  His  Mucor  Mucedo  L.  is  the  common  Rhizopus  nigri- 
cans  Ehrenb.,  Hydrophora  stercorea  Tode  is  Mucor  Mucedo 
Fresen.,  Hydrogera  obliqua  (Scop.)  O.  Kuntze  is  Pilobolus  crystcU* 
linus  (Web.  &  Wigg.)  Tode,  and  Calyptromyces  ratnosus  Karst. 
is  Mucor  racemosus  Fresen.  It  is  the  writer's  opinion  that  the 
only  new  things  in  this  paper  are  names  for  plants  which  we  fail 
to  recognize  under  their  new  guise. 
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III.     TECHNIQUE 
I.  Collection  of  material 

Collecting  was  begun  in  the  autumn  of  1913,  when  various  kinds 
of  dung,  including  that  of  the  horse,  cow,  sheep,  dog,  rabbit,  mouse, 
and  squirrel,  were  brought  into  the  laboratory,  placed  in  moist 
chambers  and  watched  for  the  development  of  mucors.  Decaying 
plant  material  was  also  employed,  and  the  following  gave  positive 
results:  stems  of  decaying  apple  and  grape  (Pyrus  Mains  and 
Vitis  sp.),  mushrooms  {CoUybia  dryophila,  Psalliota  campesiris), 
wood  and  leaves  {Pinus  sylvesiris  and  Phlox  sp.),  Sphagnum  sp., 
tomato  (Lycopersicum  escuknlum),  carrot  {Daucus  Carota),  Brazil 
nuts  {BeriholUtia  excelsa),  puflf  ball  {Calvalia  sp.),  and  oak  root 
m-ith  mycorhiza.  In  the  case  of  the  plant  material  used,  the 
material  to  t>c  tested  was  placed  in  a  damp  chamber  until  there 
was  produced  a  growth  of  mold  sufficient  to  insure  a  transfer  to 
a  poured  plate. 

In  the  belief  that  the  Mucor  soil  flora  might  prove  interesting, 
the  author  undertook  a  series  of  isolations,  which  consisted  in 
obtaining  surface  soil  from  a  great  variety  of  stations.  These 
samples,  except  in  the  cases  cited  below,  were  all  taken  in  the 
vicinity  of  Ann  Arbor,  Michigan.  The  following  method  was 
used:  Petri  dishes  were  wrapped  in  paper,  sterilized,  then  taken 
to  the  field,  where  they  were  unwrapped  and  opened  only  long 
enough  to  fill  them  with  soil.  The  cover  was  then  replaced  and 
sealed  with  a  gummed  label,  upon  which  were  written  the  collection 
data.  At  the  laboratory  the  earth  was  saturated  with  sterile 
water,  a  drop  or  two  of  which  was  then  transferred  to  a  poured 
plate  by  means  of  a  flamed  platinum  needle.  From  this  culture 
a  pure  gross  culture  could  usually  be  obtained,  from  which,  in 
turn,  a  single  spore  culture  was  eventually  made. 

All  of  the  forms  isolated  (see  Table  I),  with  the  exception 
of  Noe.  2,  4,  5,  6,  68,  69,  70,  71,  and  72,  were  collected 
in  the  vicinity  of  Ann  Art)or.  The  first  four  of  these  nine  collec- 
tions were  obtained  in  Chippewa  County,  Michigan,  during  the 
summer  of  1914;  the  rest  were  collected  in  the  Adirondack  Moun- 
tains, Hamilton  Count>',  New  York. 

For  collecting  in  the  field,  it  has  been  found  mo>t  convenient 
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to  be  provided  with  agar  slants,  and  to  make  only  rough  cultures. 
In  the  case  of  soil  forms  a  few  smalt  pieces  of  soil  were  placed,  by 
means  of  a  flamed  platinum  wire,  in  the  tube;  while  in  the  case 
of  coprophilus  forms  a  gross  transfer  of  hyphae  with  spores  to  the 
slant  sufficed.  These  cultures  were  purified  in  the  laboratory. 
Table  I  will  give  the  data  in  a  clear  and  concise  manner. 


TABLE   I 
Collection  data  of  forms  isolated 


No. 

Date 

Substrmtum 

Spedcft 

I. 

IO/10/13. 

Stem  of  decayed  grape. 

Mucor  griseo-lUacinus  sp.  nov. 

2. 

7/  9/14. 

Decaying  mushroom. 

Mucor  Ramannianus  Moeller 

3- 

10/  7/13. 

Horse  dung. 

Mucor  griseo-lilacinus  sp.  nov. 

4. 

8/19/14. 

Porcupine  dung. 

Mucor  hiemalis  Wehmer 

5- 

8/15/14. 

Bear  dung. 

Mucor  hiemalis  Wehmer 

6. 

7/13/14. 

Moldy  bone  in  woods. 

Mucor  hiemalis  Wehmer 

7. 

10/12/13. 

Horse  dung. 

Mucor  abundans  sp.  nov. 

8. 

10/12/13. 

Horse  dung. 

Pilobdus  longipes  Van  Tiegh. 

9. 

10/27/14. 

Sandy  tilled  soil,  surface. 

Mucor  abundans  sp.  nov. 

10. 

11/18/13. 

Horse  dung. 

Mucor  saturninus  Hagem 

II. 

10/19/13. 

Sheep  dung. 

Mucor  griseo-lilacinus  sp.  nov. 

13. 

11/20/13. 

Squirrel  (?)  dung. 

Mucor  griseo-cyanus  Hagem 

13- 

11/  5/14. 

Sandy  wood  soil,  surface. 

Mucor  hiemalis  Wehmer 

14. 

10/28/13. 

Dung. 

Mucor  abundans  sp.  nov. 

15. 

3/14/14. 

Rodent  dung. 

Mucor  griseo-lilacinus  sp.  nov. 

16. 

10/23/13. 

Horse  dung. 

Mucor  griseo-lilacinus  sp.  nov. 

17. 

2/14/14. 

Decaying  wood. 

Absidia  glauca  Hagem 

18. 

10/31/13. 

Stem  of  decaying  apple. 

Mucor  varians  sp.  nov. 

19. 

11/  4/13. 

Decaying  tomato. 

Mucor  abundans  sp.  nov. 

20. 

2/19/14. 

Decaying  pine  leaf. 

Mucor  griseo-lilacinus  sp.  nov. 

21. 

10/31/13. 

Stable  bedding  and  manure. 

Mucor  varians  sp.  nov. 

22. 

2/16/14. 

Horse  dung. 

Mucor  abundans  sp.  nov. 

23. 

1/31/13. 

Psalliola  campestris. 

Mucor  griseo-lilacinus  sp.  nov. 

24. 

11/22/13. 

Dung. 

Mucor  aromaticus  sp.  nov. 

25. 

11/  8/13. 

Horse  dung. 

Mucor  abundans  sp.  nov. 

26. 

11/20/13. 

Dung. 

Mucor  griseosporus  sp.  nov. 

27. 

11/18/13. 

Horse  dung. 

Helicostylum  piriforme  Bain. 

28. 

11/20/13. 

Dog  dung. 

Mucor  abundans  sp.  nov. 

29. 

11/22/13. 

Decaying  Calvatia  sp. 

Mucor  varians  sp.  nov. 

30. 

11/27/13. 

Old  bones. 

Mucor  griseo-cyanus  Hagem 

31. 

11/22/13. 

Rabbit  dung. 

Mucor  abundans  sp.  nov. 

32. 

11/22/13. 

Dung. 

Mucor  abundans  sp.  nov. 

33. 

11/20/13. 

Squirrel  (?)  dung. 

Chaelodadium   Brefeldii  Van 
Tiegh. 

34. 

11/20/13. 

Dung. 

Mucor  proliferus  Schostak. 

35. 

10/23/14. 

Oak  root  with  mycorhiza. 

Mucor  lamprosporus  Lendner 

36. 

10/27/14. 

Surface  soil,  hardwoods. 

Mucor  varians  sp.  nov. 

37. 

10/24/14. 

Soil  below  surface,  hard- 
woods. 

Mucor  varians  sp.  nov. 

38. 

10/27/14. 

Surface,  tilled  soil. 

Mucor  circineUoides  Van  Tiegh. 

39. 

10/27/14. 

Soil  below  surface  in  corn 

field. 
Soil  below  surface  in  U.  of 

Mucor  circineUoides  Van  Tiegh. 

40. 

11/  S/14. 

Glomet  ula  re  pens  Bain. 

M.  Botanical  Garden. 
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Table  l—Coniinudd 


Specie* 


41. 

11/  5/14- 

44. 

11/  5/14- 

4i- 

11/  5'I4. 

44- 

11/  5/«4. 

45- 

II'   5  14. 

46. 

11/  5,14. 

47- 

lo  17/14- 

4«. 

10.17/14- 

49- 

10.17,14. 

5-x 

11/  j/14- 

51* 

10/  6/14- 

$*• 

10/  7/13. 

ly 

11.13/14. 

54- 

11/10.14. 

$5- 

11/  S/14. 

5*^ 

11/  5  14- 

$:- 

10  J7  14. 

$* 

10  a7,i4. 

*j. 

11     5.14. 

4o 

11/  5/14. 

U 

3/25/15. 

6j. 

4/  7/15. 

•^i. 

335/15. 

t4- 

6/  5/15. 

t5- 

J/Jl/15. 

«6. 

4/  8/15. 

17. 

4/  1/15. 

M. 

»;i7,i5. 

«♦. 

•  '31/15. 

*- 

»'31/I5. 

TI- 

«  11/15. 

T*. 

•  31/15 

•1. 

J  w  15. 

T4- 

3/1  a/15. 

:$ 

MJ/16. 

74- 

1  16/15. 

n. 

raj/i6. 

T« 

rii,i6. 

n 

i/iJ.t6. 

1^ 

I'ii/i6. 

«i. 

10/19  13. 

u. 

10  31/13. 

•j. 

3/i6;i4. 

»/l7'f4- 


Sandy  surface  loO  at  edge 
o(  thicket. 

SoU  in  greenhouse. 

SoO  from  cold  frame. 

Soil  in  greenhouse. 

Soil  in  cold  frame. 

Surface  soU  in  U.  of  M. 
Botanical  Garden. 

Contamination  in  culture. 

Contamination  in  culture. 

On  decayed  leaf. 

Contamination  in  culture. 

Decayed  phlox  leaf. 

Horse  dung. 

Contamination. 

Soil  in  greenhouse. 

Soil  below  surface  in  U.  of 
M.  Botanical  Garden. 

Same  daU  as  No.  55. 

Same  data  as  No.  39. 

Same  data  as  No.  39* 

Soil  in  greenhouse. 

Same  data  as  No.  46. 

Spksimttm  with  germinat- 
ing seeds. 

Decayed  carrot. 

Decaying  bean  testas. 

Contamination. 

Filter  paper  with  date 
seedt  in  damp  chamber. 

Ptiobolus  sp. 

Horse  dung. 

Decaying    CoUybia    dry- 

opkiU. 
Soil  in  mixed  woods. 
Soil  in  mixed  woods. 
Soil  in  mixed  woods. 
Soil  in  mixed  woods. 
Rabbit  dung. 
Woodcbuck  (?)  dung. 
£>ecayed  Braxil  nut. 
Fruit  of  Kigdia  pinnata 

(brought  from  Java.7/14). 
Decayed  Braxil  nut. 
Decayed  Braxil  nut. 
Decayed  Braxil  nut. 
Decayed  Braxil  nut. 

Sheep  dung. 

StaMe  bedding  and  dung. 
Spkagmum  with  germinat- 
ing castor  beanii. 
Decaying  mu*hrcKim. 


Zygorkynchus  VuilUmini  Namysl. 

Mucor  circinelloidts  Van  Tiegh. 
Mucor  circituUoides  Van  Tiegh. 
Mucor  spintscens  Lendner 
Mucor  circinelloides  Van  Tiegh. 
Mucor  9arian4  sp.  nov. 

Mucor  plumbeus  Bonord. 
Mucor  christianiensis  Hagem 
Mucor  spkaerosporus  Hagem 
Mucor  spkaerosporus  Hagem 
Mucor  plumbeus  Bonord. 
Phycomycts  nitens  ( Agardh)  Kunze 
Thamnidium  eUgans  Link 
Mucor  christioniensis  Hagem 
Cunninghamella  eUgans  Lendner 

Mucor  circinelloides  Van  Tiegh. 
Mucor  corticolus  Hagem 
Mucor  varicns  sp.  nov. 
Mucor  christicniensis  Hagem 
;  Mucor  abundans  sp.  nov. 
Mucor  plumbeus  Bonord. 

I  Mucor  Ramannionus  Moeller 
•  Glomerula  re  pens  Bain. 
I  Rhisopus  arrkitus  Fisch. 
Syncepkalis  sp. 

Syncepkalis  comu  Van  Tiegh.  & 
I      Le  M  onn. 

Mucor  kiemolis  Wehmer 
j  Mucor  satuminus  Hagem 

.  Absidic  coeruleo  Bain. 

Mucor  corticolus  Hagem 

Absidia  glauca  Hagem 
,  Mucor  kiemalis  Wehmer 
I  Mucor  coprophilus  sp.  nov. 

Mucor  kiemalis  Wehmer 

Mucor  spintscens  Lendner 

Mucor  corticolus  Hagrm 

Mucor  christianienus  Hagem 
Mucor  plumbfus  Bonord. 
Rhisopus  nigricans  Ehrenb. 
Circinella  spinosa  \'an   Tiegh.  & 

Le  Monn. 
Pilobolus  cry^taUinus  (Wig.)  Tode 
Pilobolus  oedipus  Montagne 
Mucor  boiryotdts  Lendner 

Sporodinia  granJii  Link 
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2.  .Isolation 

As  a  rule  Httie  difficulty  was  experienced  in  obtaining  a  pure 
gross  culture,  one  or  two  transfers  to  poured  plates  usually  sufficing 
to  eliminate  obvious  contaminations.  In  a  series  of  closely  related 
forms,  however,  there  is  no  certainty  of  a  pure  culture,  unless  the 
latter  has  originated  from  a  single  spore.  For  practically  all 
purposes  a  medium  of  the  following  composition  per  liter  was  used: 

Ammonium  nitrate i.o    gm, 

Dihydrogen  potassium  phosphate 0.5    gm, 

Peptone 0.5    gm, 

Magnesium  sulphate 0.25  gm. 

Cane  sugar 5.0    gm 

Agar  agar 13.0    gm 

The  advantage  of  this  medium  is  that  all  forms  tried  have 
been  found  to  grow  on  it,  and  that  cultures  kept  on  it  through 
the  summer  months  (June-September)  retain  their  vitality,  at 
least  when  kept  in  a  cool  place.  For  stock  cultures  the  writer 
has  lately  used  a  formula  given  him  by  Blakeslee,  viz. : 

Agar  agar 2.0% 

Peptone  (Witte) 0.1% 

Dextrose 2.0% 

Dry  malt  extract  (Eiraer  &  Amend) 2.0% 

This  agar  gives  a  much  more  luxuriant  growth  than  the  first- 
mentioned  medium,  but  its  use  for  keeping  cultures  longer  than 
six  weeks  has  not  been  tried  by  the  writer. 

Single  spore  cultures  were  made  by  a  modified  Kauff man's 
(1908)  method,  which  is  essentially  an  isolation  of  a  single  spore 
by  spraying  a  spore  dilution  on  a  poured  plate.  Capillary  pipettes 
were  made,  fitted  with  a  tiny  loose-fitting  cotton  plug  immediately 
below  the  nipple.  These  were  then  sterilized  in  a  device  made  as 
follows:  two  pieces  of  corrugated  sheet  asbestos,  two  decimeters 
square,  were  fastened  together  with  wire  in  such  a  way  that  the 
ridges  met  so  as  to  form  a  series  of  tubes  between  the  two  pieces 
of  asbestos.  The  pipettes,  minus  the  rubber  nipples,  were  then 
inserted  in  these  tubes  and  the  apparatus  was  placed  on  a  tripod 
over  a  burner  and  heated.  Later,  after  the  apparatus  had  cooled, 
the  rubber  nipples  were  replaced  very  carefully  to  avoid  displacing 
the  sterile  air  in  the  pipettes. 
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Spore  diiurions  were  made  by  transferring  some  spore  material 
with  a  platinum  wire  to  test  tubes  containing  about  twenty 
cubic  centimeters  of  sterile  water  each.  This  dilution  was  then 
sprayed  on  poured  plates,  and  if  the  pipettes  were  fine  enough 
and  the  spores  diluted  sufficiently,  it  was  always  possible  to  find  a 
single  spore  isolated  from  the  rest.  After  ten  to  sixteen  hours, 
depending  upon  the  temperature,  the  plates  were  examined  to 
note  whether  germination  had  taken  place.  For  this  purpose 
the  Petri  dish  was  inverted  on  the  stage  of  the  microscope  and 
examined  with  the  low  power.  If  a  solitary  germinated  spore 
was  found,  the  location  was  marked  with  a  drop  of  India  ink, 
and  later  the  spore,  together  with  a  tiny  block  of  agar,  was  cut 
out  by  a  spear-pointed  needle  and  transferred  to  a  new  poured 
plate.  The  writer  has  always  made  it  a  practice  to  watch  these 
cultures  carefully  and  as  soon  as  possible  to  make  a  transfer  from 
the  edge  of  the  growth,  in  order  to  avoid  the  possibility  of  con- 
tamination through  a  neighboring  spore  delayed  in  germination. 
This  last  transfer  was  usually  made  within  twenty-four  hours 
after  the  spore  had  been  removed.  It  seems  almost  unnecessary 
to  add  that  all  the  cultures  used  have  originated  from  single  spore 
cultures  made  in  the  above-described  manner. 

3.   Herbarium  material 

In  addition  to  depositing  living  cultures  in  the  Cryptogamic 
Laboratory  of  the  University  of  Michigan,  a  series  of  herbarium 
specimens  was  also  prepared.  Inasmuch  as  the  method  employed 
may  prove  useful  to  others  it  seems  desirable  to  include  it  here. 
For  the  cultures,  tall  lipless  beakers  (500  c.c.  capacity)  were  used, 
with  a  depth  of  about  3  cm.  of  bread.  If  fresh  bread  was  used, 
no  water  was  added,  but  if  dried  bread  was  used,  water  was 
added  until  the  medium  had  the  humidity  of  the  former.  For  a 
cover  half  of  a  Petri  dish  was  fitted  with  a  thin  layer  of  cotton 
batting,  and  then  the  preparations  were  autoclaved  for  three  or 
four  houTB  at  fifteen  pounds  pressure. 

Pure  cultures  were  employed  for  inoculation,  and  then  the 
cultures  were  placed  in  the  dark,  in  order  to  secure  a  symmetrical 
development.  The  cultures  were  allowed  to  stand,  not  only  until 
the  maximum  growth  had  taken  place,  but  until  the  cultures  were 
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thoroughly  dried  out,  in  the  course  of  which  process  the  medium 
and  fungus  had  contracted  and  shrunk  away  from  the  glass. 
Thus  it  was  a  simple  matter  to  remove  them  intact.  E^ch  speci- 
men was  glued  to  the  bottom  of  a  cardboard  box,  measuring 
4i  X  3i  X  li  inches,  the  cover  of  which  was  fitted  with  a  celluloid 
"window**  3i  inches  long  and  2J  inches  wide.  It  is  believed 
that  with  careful  handling  specimens  prepared  in  this  way  will 
retain  their  characters  for  a  long  time.  This  opinion  is  not 
without  evidence  to  support  it,  as  the  writer  has  examined  some 
of  his  specimens  which  had  been  kept  dry  for  one  and  one  half 
years  and  also  Ellis  &  Everhart's  North  American  Fungi,  Nos. 
2454  and  972.  In  all  cases  the  material  was  in  such  condition 
that  its  identity  could  be  determined  with  certainty. 

IV.     EXPERIMENTAL 

The  experimental  work  w£is  undertaken  in  the  hope  that  the 
results,  supplemented  by  the  morphological  characters,  might  form 
a  basis  for  the  separation  of  species.  It  was  desired  to  know 
whether  forms  morphologically  similar  would  react  similarly  to 
the  same  cultural  conditions,  and  whether  forms  whose  morphology 
might  lead  us  to  believe  them  distinct  might  exhibit,  or  manifest, 
their  close  affinity  in  their  cultural  characteristics  under  the  same 
conditions.  Such  has  been  found  true  only  to  a  certain  degree,  but 
the  results  of  the  experiments  are  believed  to  be  of  value  in  the 
taxonomic  part  of  this  study.  Consequently,  experimental  data 
have  been  freely  used  in  the  commentary  on  the  individual  species. 

A  uniform  system  of  tabulation  has  been  used  throughout  the 
series  of  experiments,  in  order  to  admit  of  easy  comparison  and 
also  to  avoid  unnecessary  confusion.  The  numbers  given  in  the  first 
column  of  Table  I  are  used  in  all  succeeding  tables  and  through- 
out the  work  in  the  same  way.  It  will  be  noticed  in  Tables  II 
and  III  that  for  each  Mucor  number  there  are  two  columns,  the 
first  containing  Arabic,  and  the  second  Roman  numerals.  The 
former  gives  the  height  (length  of  sporangiophores)  in  millimeters, 
the  latter  the  growth  (judged  by  mass  appearance),  IV  being 
excellent,  III  good,  II  fair,  and  I  poor.  It  should  be  added  that 
the  presentation  of  results  has  been  condensed  on  account  of 
lack  of  space;  hence,  in  the  case  of  each  medium,  only  the  maxi- 
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mum  growth  is  given  irrespective  of  time.  Furthermore,  in  any 
consideration  of  the  numbers  in  the  tables,  it  must  be  borne  in 
mind  that  these  numbers  are  liable  to  be  misleading  when  inter- 
preted from  a  standpoint  of  medium  exclusively,  because  they 
include  the  inherent  tendency  of  the  species.  To  be  specific, 
Mucor  griseosporus  has  been  found  by  the  writer  to  be  more 
plastic  than  other  species;  for  example,  it  varies  from  8  mm.  to 
20  mm.  in  height  according  to  the  medium  used,  while  Mucor 
spintscens  is  always  a  low-growing  form,  heights  varying  only 
from  2  mm.  to  8  mm.  having  been  obtained. 

TABLE   II 
HucHT  AND  Growth  of  Mucors  with  miscbllanbous  gblatin  mbdia 


In  the  early  experiments  gelatin  was  used  as  the  culture 
medium,  but  later  this  was  replaced  by  agar,  as  the  latter  was 
found  to  serve  the  purpose  equally  well  and,  moreover,  there  is 
less  possibility  of  its  liquefaction.  The  following  were  the  for- 
mulae used  as  given  in  abbreviated  form  in  the  first  column  of 
Table  II:  levulose,  dextrin,  glucose,  maltose,  lactose,  inulin,  and 
sucrose,  in  each  case  2  per  cent,  of  the  carbohydrate  with  12  per 
cent,  gelatin; glucose  (a),  5  percent,  glucose,  gelatin  15  percent,  and 
one  drop  of  10  per  cent,  lactic  acid;  dung  extract,  fresh  horse  dung 
extracted  with  cold  water  and  15  per  cent,  gelatin;  Raulin  (a), 
Lendner*8  (1908)  formula  with  substitution  of  glucose  for  sucrose; 
beef  broth,  0.75  gm.  Armour's  beef  extract,  50  gm.  gelatin  and 
Sooc.c.  water;  inorganic  salts,  i.o  gm.  KNOt,  0.5  gm.  KHjPOi, 
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0.25  gm.  MgS04,  0.5  gm.  CaClj,   100  gm.  water,  and  12.0  gm. 
gelatin;  check,  12  per  cent,  gelatin  with  distilled  water. 

In  this  experiment  the  cultures  were  made  in  test  tubes  and 
about  5  c.c.  of  the  medium  were  used.  The  cultures  were  kept  in 
the  dark  at  room  temperature  (15-22  degrees  C).  All  cultures 
were  made  in  duplicate,  and  in  many  cases,  where  there  was  a 
doubt  in  the  mind  of  the  writer,  the  experiment  was  repeated. 
The  results  are  best  obtained  by  consulting  Table  II,  from  which 
we  see  that  levulose  is  the  best  medium  in  this  series,  followed  by 
dextrin,  glucose  (acid),  glucose,  dung  extract,  Raulin's  (acid)  in 
the  order  named.  Sucrose  is  the  poorest,  probably  because  many 
of  the  forms  are  unable  to  invert  it. 


table  III 
Height  and  growth  of  Mucors  with  miscellaneous  agar  media 


Media 


Mucor  I  Mucor 
No.  a6     No.  34 


Rolled  oats 1 70 

Glucose-asparagin  agar 150 


Potato  agar . 

Corn  meal 

Bread 

Rice 

Glucose-nitrate  agar. , 
Mannit-asparagin  agar. 


65 
65 
40 
50 
40 

25 

Wheat-starch  paste 150 

Grapefruit 

Sucrose-asparagin  agar. 

Navy  bean  agar 

Sucrose-nitrate  agar. .  . 
Mannit-nitrate  agar. .  . 

Apple  agar 

Prunes 


K^   O 


21 

38 

27I 
40 1 
20 
40 
I 


IV  68| 
IV  271 

III  55' 

IV  60 

III  60 

IV  40 
III  I  81 

II     91 

III  251 

II     3 

II,  i 
II  33, 

I|25i 

I  'I0| 

II  Ij 


^fHCor    Mucor  \  Mnc&r 
No.  5    !  No.  24      No.  i8 


ffi     O    iK 


II|I3 
II15 


IV  30 
IV  18 
IV  32 
III '20' 
III  las 

III|20 

IV 
III 
III 

II 

II 


Il!20 


'x     'J 


IV  '40, 
IV  231 

IV|2l| 

"1 30 

III  25! 

Ill    20' 

I7| 

II 

20 

18' 

7| 

9, 

5 

I 

5 
I 


Mucor  ,  Mucor 
No.  6      No.  51 


X    ;:     =•  -J) 


IV  45 
IV 1 24 

IIII22 

III!25 

III 
III 


IV  10   IV 
IV  10-  IV 

III  10  III 

III  5  III 
III  10  III 
III,  8  II 
III  113' HI 
IIIiollII 
Illlioi 
III   5 

9 

5 

7 

6 

5 
I 


III 

II 

I 

11 


II 
II 
II 

I 


In  the  next  series  of  experiments  various  agar  and  complex 
media  were  used.  See  Table  III.  An  explanation  of  the 
formulae  of  these  media  follows.  Potato  agar  was  made  according 
to  the  method  given  by  Thom  (1905),  and  apple  agar  was  pre- 
pared in  the  same  way.  For  bean  agar  Thom*s  (1910)  formula 
was  used.  For  glucose-,  mannit-,  and  sucrose-  asparagin  agar,  and 
for  glucose-,  mannit-,  and  sucrose-nitrate  agar,  a  combination  of 
mineral  salts  (0.25  gm.  MgS04,  and  0.5  gm.  KH2PO4)  was 
used  with  5.0  gm.  of  the  carbohydrate,  and  i.o  gm.  of  either 
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ammonium  nitrate  or  asparagin.  KoUed  oats  and  wheat  starch 
were  both  used  with  water  in  the  proportion  of  i  :  2  parts  water 
by  weight;  com  meal  was  used  with  equal  parts  of  water.  Bread 
was  used  in  the  same  manner  as  previously  mentioned.  Rice 
was  used  with  three  parts  of  water.  Only  the  pulp  and  juice  of 
the  grapefruit  were  used.  In  the  case  of  prunes,  about  one  fourth 
of  a  prune  was  moistened  with  5  c.c.  of  water.  The  results  are 
given  in  Table  III. 

From  this  table  we  see  that  the  best  growth  occurs  on  rolled 
oats,  and  that  of  the  six  best  media,  five  are  complex  substances, 
while  the  sixth — glucose-asparagin  agar — contains  an  available 
carbohydrate  and  an  organic  nitrogen  compound.  A  comparison 
of  the  results  obtained  with  glucose-asparagin  agar  and  glucose- 
nitrate  agar  shows  that  the  former  is  a  more  favorable  medium. 
This  is  due  to  the  form  of  the  nitrogen  offered  the  plant,  and  this 
nitrogen  source  is  probably  one  of  the  important  reasons  why 
complex  media  are  more  suitable  for  these  forms.  Mannit  with 
asparagin  is  better  than  sucrose  with  asparagin,  but  sucrose  with 
nitrate  is  a  better  combination  than  mannit  with  nitrate.  This 
is  in  accord  with  Jost*s  (1907)  statement  that  the  quality  of  the 
nitrogenous  material  has  an  influence  on  the  nutritive  value  of 
any  particular  carbon  compound.  The  growth  on  grapefruit 
was  fair,  while  that  on  prunes  was  poor.  This  last  result  was,  in 
all  probability,  due  to  the  fact  that  the  medium  contained  too 
high  a  percentage  of  sugar.  This  hypothesis  is  borne  out  by 
the  fact  that  in  practically  all  cases  in  which  growth  occurred, 
only  a  sterile  mycelium  developed.  It  should  be  mentioned  in 
connection  with  the  use  of  rice  that,  in  order  to  determine  whether 
there  would  be  any  difference  in  results  with  rice  from  different 
places,  an  experiment  was  set  up  with  fifty-three  numbers  of 
mucors,  using  rice  from  different  sources,  purchased  in  Detroit 
and  in  Ann  Arbor.    The  results  showed  no  appreciable  difference. 

It  seemed  advisable,  from  the  results  obtained  in  the  first 
two  series  of  experiments,  to  select  certain  media  and  test  them 
with  a  larger  number  of  forms.  Consequently  a  series  of  cultures 
was  made  with  rice,  bread,  and  grapefruit,  including  a  large  numl)er 
of  mucors.    The  height  of  the  cultures  is  given  in  Table  IV. 

An  interesting  feature  of  the  cultures  on  rice  was  the  frequent 
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occurrence,  on  the  surface  of  the  medium  around  the  edges  of  the 
culture,  of  a  bright-colored  line;  this  is  pinkish  to  light  orange 
yellow  (Ridgway,  1912).  Data  on  sixty-four  numbers  of  Mucor 
show  that  thirty-four  exhibited  this  color  production,  while  twenty- 
eight  numbers  (Nos.  9, 10, 12,24,  25,26,30,  34,  35,  38,  40,  41,  42. 
44,46,  48,49,  50,  51,  54,  58,  59,  61,  62,  63,  68,  73,  and  2)  formed 
no  color  at  the  top  of  the  substratum. 


TABLE   IV 
Height  of  Mucors  on  bread,  rice,  and  grapefruit 


Species  used 

Rice 

Bread 

Grape- 
fruit 

Species  used 

Rice 

Bread 

Grape- 
fruit 

Mucor  No.     I  .  . 

15 

IS 

12 

Mucor  No.  36  ...  . 

30 

10 

13 

Mucor  No.    2  .  . 

2 

2 

0.5 

Mucor  No.  37  . 

30 

20 

8 

Mucor  No.    3    . 

20 

8 

II 

Mucor  No.  38 . 

20 

10 

17 

Mucor  No.    4 .  . 

.      20 

30 

17 

Mucor  No.  39  • 

30 

15 

15 

Mucor  No.    5  .  . 

.      25 

15 

19 

Mucor  No.  40 . 

20 

40 

XI 

Mucor  No.    6  .  . 

20 

15 

10 

Mucor  No.  41 . 

20 

5 

4 

Mucor  No.    7  .  • 

30 

20 

12 

Mucor  No.  42 . 

15 

4 

2 

Mucor  No.    9  •  • 

.      35 

8 

13 

Mucor  No.  43 . 

35 

12 

II 

Mucor  No.  10  .  . 

10 

25 

14 

Mucor  No.  44 . 

3 

4 

3 

Mucor  No.  II.. 

13 

10 

13 

Mucor  No.  45  . 

30 

13 

12 

Mucor  No.  12  .  . 

20 

6 

10 

Mucor  No.  46 . 

25 

12 

II 

Mucor  No.  13  .  . 

10 

— 

10 

Mucor  No.  47  • 

5 

4 

Mucor  No.  14 .  . 

30 

20 

13 

Mucor  No.  48 . 

— 

4 

3 

Mucor  No.  15  .  . 

15 

7 

8 

Mucor  No.  49 . 

10 

8 

Mucor  No.  16 .  . 

15 

10 

15 

Mucor  No.  50 . 

20 

17 

7 

Mucor  No.  18  .  . 

30 

12 

15 

Mucor  No.  51  . 

8 

10 

5 

Mucor  No.  19  .  . 

.      35 

10 

10 

Mucor  No.  54 . 

5 

3 

10 

Mucor  No.  20  .  . 

20 

8 

12 

Mucor  No.  56 . 

30 

6 

12 

Mucor  No.  21 .  . 

30 

35 

II 

Mucor  No.  57 . 

20 

12 

II 

Mucor  No.  22  .  . 

•      35 

10 

13 

Mucor  No.  58 . 

25 

IS 

12 

Mucor  No.  23  .  . 

.       10 

— 

9 

Mucor  No.  59 . 

10 

8 

4 

Mucor  No.  24  .  . 

30 

25 

15 

Mucor  No.  60 . 

35 

12 

15 

Mucor  No.  25  .  . 

25 

10 

7 

Mucor  No.  61 . 

1       7 

3 

5 

Mucor  No.  26  .  . 

50 

40 

21 

Mucor  No.  62  . 

3 

2 

Mucor  No.  28  .  . 

25 

25 

18 

Mucor  No.  63 . 

20 

IS 

10 

Mucor  No.  29  .  . 

30 

22 

12 

Mucor  No.  67 . 

15 

10 

Mucor  No.  30  .  . 

15 

9 

12 

Mucor  No.  68 . 

20 

20 

20 

Mucor  No.  31  .  . 

20 

20 

13 

Mucor  No.  70 . 

— 

10 

12 

Mucor  No.  32  •  • 

25 

II 

15 

Mucor  No.  72 . 

10 

10 

10 

Mucor  No.  33    • 

25 

15 

15 

Mucor  No.  73 

30 

25 

25 

Mucor  No.  34  .  . 

40 

60 

3 

Mucor  No.  74 . 

IS 

3 

10 

Mucor  No.  35  •  • 

25 

12 

17 

Mucor  No.  76 . 

25 

— 

17 

From  the  preceding  experiments  it  has  been  shown  that  com- 
plex media  are,  on  the  whole,  better  for  these  plants  than  simple 
media,  and  as  bread  is  a  universally  staple  article  easily  obtained, 
as  well  as  easy  to  work  with,  it  has  been  used  as  a  standard 
medium  to  grow  these  forms  for  taxonomic  study. 
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A  series  of  sixty-five  numbers  of  Mucor  (including  all  the 
species  of  Mucor  collected  with  the  exception  of  Mucor  botryoides) 
was  tested  for  their  ability  to  ferment  a  dextrose,  peptone  solution 
(dextrose  lo  per  cent.,  peptone  o.i  percent.)  with  positive  results, 
except  in  the  case  of  Mucor  Ramannianus. 

Because  certain  organisms  have  the  ability  to  change  tyrosin, 
by  the  production  of  an  enzyme,  into  a  dark-colored  compound, 
often  accompanied  by  the  production  of  a  brownish  black  precipi- 
tate, it  was  decided  to  use  this  organic  compound  with  a  series 
of  mucors.  For  this  experiment  a  solution  of  the  following  com- 
position was  employed:  maltose  2  percent.,  peptone  o.i  per  cent., 
t>Tosin  0.015  per  cent,  (i  gm.  tyrosin  to  6,400  c.c.  of  solution). 
The  same  mucors  which  were  used  in  the  preceding  experiment 
were  also  employed  for  this  series.  The  results  may  be 
given  in  the  following  brief  manner.  Four  (Nos.  22,  36,  57, 
and  67)  were  discarded  on  account  of  bacterial  contamination. 
In  Nos.  4,  5,  6,  and  72  there  developed  an  apricot  yellow 
(Ridgway)  submerged  mycelium,  the  color  being  due  to  yellow 
globules  in  the  hyphae.  The  following  showed  a  slight  pro- 
duction of  yellow  color  in  the  submerged  hyphae:  Nos.  i, 
3,  7.  9,  II,  12.  13,  14,  15,  16,  18.  19,  20,  21.  25,  28,  29. 
31 »  32,  33.  37.  38,  39.  4^.  43.  56,  58.  60,  74,  and  76.  No 
color  formation  was  found  in  Nos.  2,  10,  23,  24,  30,  34,  41,  44, 
45,  46,  47,  48,  49,  50,  51,  54,  59,  61,  68,  and  70.  There  was  a 
marked  coloration  of  the  solution,  with  the  formation  of  a  dark 
brown  precipitate,  in  Nos.  26  {Mucor  griseosporus)  and  73  (Mucor 
coprophilus),  the  color  of  the  solution  in  each  case  being  dark 
reddish  brown.  In  Nos.  34,  44,  51,  and  61,  the  solution  was 
colored  pale  brown,  and  a  dark  brownish  black  precipitate  was 
formed.  In  Nos.  40  and  63  (both  Glomerula  repens)  there  was  a 
brownish  tinge  to  the  solution,  and  the  aerial  growth  was  distinc- 
tive in  that  it  was  pinkish  buff  (Ridgway). 

[To  be  concluded,] 
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The  relationship  between  the  osmotic  concentration  of  leaf  sap  and 
height  of  leaf  insertion  in  trees 

J.  ARTHum  Haeris,  Ross  Aikbn  Gortnbr.  and  John  \\  Lawrbncb 
(with  four  diagrams) 

I.   Introduction 

The  ascent  of  sap  in  trees  presents  a  problem  of  such  com- 
plexity that  no  one  kind  of  observation  is  sufficient  for  its  solution. 
Final  conclusions  must  he  based  upon  the  comparison  and  correla- 
tion of  careful  measurements  of  all  possible  variables. 

The  rftle  to  be  attributed  to  the  osmotic  concentration  of  the 
fluids  of  the  leaf  cells,  like  other  possible  factors  in  the  rise  of 
the  transpiration  stream,  is  still  subject  to  marked  differences 
of  opinion. 

One  of  the  simplest  and  most  direct  methods  of  approaching 
the  problem  of  the  relationship  between  the  concentration  of  the 
leaf  sap  and  the  movement  of  the  transpiration  stream  is  to  deter- 
mine whether  leaves  originating  at  a  greater  distance  from  the 
source  of  water  absorption  exhibit  a  higher  osmotic  concentration 
than  those  inserted  nearer  the  source  of  intake.  The  importance 
of  such  determinations  has  been  recognized  by  Ewart,  Dixon  and 
Atkins,  Hannig  and  others. 

Ewart  was  one  of  the  first,  if  not  the  first,  to  attempt  the  deter- 
mination of  the  osmotic  concentration  of  the  leaf  sap  at  different 
leN'ds.  In  1905  he*  thought  he  had  demonstrated  by  plasmolytic 
methods  that  the  concentration  of  the  leaf  sap  increases  from 

{The  Bin-LRTiN  (or  May  (44:  32^-266,  pi.  g-16)  wa«  iwurd  May  22,  igi?.) 
•  Bwmit.  A-  J.     The  ascent  o(  water  in  trees.     Phil.  Tran^i,  Rny.  S<k  .  Lond.  B. 
I9t:4l-M.      1905. 
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lower  to  higher  levels.  Later*  he  returned  to  the  same  problem, 
only  to  conclude  that  the  sources  of  error  in  the  use  of  the  plas- 
molytic  method  are  so  great  that  it  was  idle  to  go  farther  with  the 
study  on  the  basis  of  the  technique  then  available.  After  men- 
tioning certain  of  the  difficulties  he  says: 

"It  is  more  correct  therefore  to  use  the  term  ' plasmalyzing  concentration*  for 
results  obtained  in  this  manner,  and  a  series  of  observations  for  leaf  cells  of  species 
of  Acacia,  Eucalyptus,  and  Orevillea  taken  from  1-12  meters  high  show  that  the 
concentration  may  vary  from  2>6  per  cent.  KNOs  in  one  and  the  same  plant,  and  that 
the  variation  between  leaves  at  the  same  level  is  at  first  as  great  as  between  leaves 
at  different  levels,  and  that  the  size  of  the  cell  and  the  age  of  the  leaf  appear  to 
influence  the  plasmolytic  concentration  more  than  any  other  factors  apart  from  food 
storage  and  assimilation.  Hence  this  promising  line  of  investigation  into  the 
problem  of  the  ascent  of  sap  must  be  abandoned  as  inaccurate  and  misleading." 

The  only  exact  published  data  of  which  we  are  aware  are  those 
furnished  by  Dixon  and  Atkins.f 

Dixon  in  his  volume  on  the  Ascent  of  SapJ  republishes  these 
data  with  the  same  interpretation.  Working  with  untreated 
leaves§  of  Magnolia  a4:uminata^  Fraxinus  excelsior  and  Vitis  Veitchii 
they  secured  seven  pairs  of  determinations,  from  which  they 
conclude: 

"It  here  appears  that,  on  the  whole,  taking  the  experiments  in  pairs,  the  leaves 
at  the  lower  level  contained  sap  with  a  lower  (sometimes  considerably  lower)  osmotic 
pressure  than  that  of  higher  leaves.  But  the  experiments  are  far  from  satisfactorily 
bearing  out  this  view;  for  it  will  be  noted  that  the  osmotic  pressure  of  the  sap  from 
leaves  at  the  same  level,  but  at  different  times  and  under  different  conditions,  by  no 
means  corresponds  in  each  case,  although  it  is  often  higher  than  that  of  leaves  at  a 
lower  level.  The  reverse,  however,  is  sometimes  found,  as  in  expt.  6  and  7  where 
the  pressure  in  the  lower  is  much  greater  than  in  the  higher  leaves." 

Dixon  and  Atkins  recognized  the  fact  that  a  relationship 
between  the  concentration  of  the  sap  of  leaves  inserted  at  different 
distances  from  the  root  system  might  be  due  to  an  adjustment  to 
resistance  in  the  conducting  system  as  well  as  to  the  hydrostatic 

♦  Ewart,  A.  J.  The  ascent  of  water  in  trees,  II.  Phil.  Trans.  Roy.  Soc.  Lond.  B. 
199:  341-392.     1906. 

t  Dixon,  H.  H.,  &  Atkins,  W.  R.  G.  On  osmotic  pressures  in  plants;  and  on  a 
thermo-electric  method  of  determining  freezing  points.  Sci.  Proc.  Roy.  Dublin 
Soc.  N.  S.  12:  275-311.     1910.     Also  in  Notes.  Hot.  Sch.  Trin.  Coll,  Dublin  a.  1910. 

t  Dixon,  H.  H.     Transpiration  and  the  ascent  of  sap  in  plants.     London,  191 4. 

§  This  work  was  carried  out  before  the  necessity  for  the  preliminary  freezing 
of  tissues  was  discovered  by  Dixon  and  Atkins.  Possibly  some  of  the  inconsistencies 
in  their  results  are  due  to  this  fact. 
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head.  They  found  a  slightly  greater  depression  of  the  freezing 
point  for  sap  from  the  more  distantly  placed  leaves.  From  deter- 
minations on  Ulmus  campestris  they  conclude,  however,  that  the 
resistance  of  the  water  tracts  is  not  the  controlling  factor  but  that 
variation  in  osmotic  concentration  is  to  be  attributed  principally 
to  the  fluctuations  in  the  sugar  content  due  to  differences  in 
illumination. 

As  a  final  conclusion  they  state : 

**  VmiiatioD  in  prescure  it  not  defined  by  the  height  of  the  leaves  above  the  ground. 
nor  by  the  resistance  of  the  conducting  tracu  supplying  the  leaves.  In  each  case 
the  osmotic  pressure  was  much  greater  than  the  tension  of  the  water-supply  could 
have  been." 

Thus  the  studies  of  Ewart  leave  the  fundamental  question  of 
the  existence  of  a  differentiation  in  osmotic  concentration  asso- 
ciated with  height  quite  unanswered,  and  the  careful  measurements 
by  EMxon  and  Atkins  are  not  adequately  numerous  for  a  final 
answer. 

Conclusions  have  been  drawn  quite  contrary  to  those  resulting 
from  the  masses  of  data  to  be  presented  below.  Thus  Hannig* 
in  the  introduction  to  his  study  of  osmotic  concentration  in  root 
and  leaf  concludes  that  the  work  of  Ewart  and  of  Dixon  and  Atkins 
shows  that  **die  Differenzen  in  der  osmotischen  Werten  der 
Blattzellen  einer  Baumes  von  der  H5he  des  Blattansatzes  unab- 
h&ngig  sind.*' 

A  proposal  to  investigate  the  concentration  of  the  sap  of 
leaves  inserted  at  different  levels  is  frequently  met  by  the  objec- 
tion that  the  leaves  at  various  heights  are  really  subject  to  distinct 
environmental  conditions  (insolation  and  air  movements)  and 
that  these  external  factors  will  either  obscure  any  relationship, 
or,  on  the  other  hand,  if  a  relationship  between  height  and  con- 
centration be  actually  found,  serve  to  fully  explain  it. 

To  us  it  has  seemed  that  the  primary  task,  the  execution  of 
which  should  precede  all  others,  is  to  determine  whether  as  a 
matter  of  fact  there  is  a  relationship  lK*twecn  the  level  of  origin 
of  leaves  and  the  properties  of  their  sap.     If  there  is  no  such 

•  Hannig.  E.  Vntersuchungrn  ul/rr  die  Verteilung  det*  o}«mt)tiM-h«*n  Druckrs 
In  drr  Pflaaxc  in  Hinsichtaut  die  VVa'^M'ileitunK.  Brr.  I)eut!«ch.  Hot.  («e^.  30:  194  - 
204      1912. 
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interdependence,  it  is  idle  to  advance  theories  in  explanation  of 
it,  as  some  botanists  seem  inclined  to  do.  If,  however,  careful 
sets  of  determinations  show  that  a  consistent  relationship  between 
height  at  origin  and  the  osmotic  concentration  of  the  leaf  sap  does 
obtain,  then,  and  only  then,  will  it  be  worth  while  to  inquire 
whether  this  relationship  is  of  the  magnitude  necessary  to  over- 
come the  weight  due  to  the  hydrostatic  head  and  the  resistance 
due  to  the  conducting  tracts,  to  measure  the  various  environ- 
mental factors  with  a  view  to  correcting  for  their  influence  upon 
sap  properties,  and  to  consider  what  is  the  most  suitable  biological 
interpretation  of  the  observed  relationship. 

II.  Materials  and  methods 
We  took  our  samples*  from  trees  growing  both  in  the  open  and 
in  the  woods.  In  collecting  the  samples  we  tried  to  secure  them 
from  branches  exposed,  as  nearly  as  possible,  to  comparable 
atmospheric  conditions.  Such  trees  are  not  easy  to  find,  however, 
and  until  actual  instrumentation  for  light  intensity  and  for  the 
evaporating  power  of  the  air  is  carried  out  we  shall  make  no  claims 
whatever  for  freedom  from  such  influences.  In  a  few  cases, 
indeed,  we  included  trees  which  for  some  reasons  were  desirable, 
but  suffered  from  lack  of  uniformity  of  exposure  to  light  and  air. 
Thus  the  tree  of  Quercus  Prinus  was  higher  than  the  surrounding 
vegetation,  and  the  lower  branches  were  somewhat  more  shaded 
than  the  upper  ones.  The  leaves  of  Betula  lutea  collected  July  23 
from  branches  66  feet  above  the  ground  were  certainly  more 
intensely  illuminated  than  those  at  52,  39,  25  or  11  feet. 

In  collecting  samples  of  leaves,  branches  were  lopped  off  at 
the  respective  heights  and  samples  of  the  leaves  were  picked  off 
as  quickly  as  possible  and  enclosed  in  large  test  tubes  which  were 


♦  In  undertaking  these  studies,  we  were  concerned  primarily  with  securing 
samples  of  leaves  originating  at  diflferent  levels  above  the  ground.  We  neglected* 
therefore,  any  measurement  of  the  length  of  branch  through  which  the  sap  would 
have  to  pass  after  leaving  the  trunk  of  the  tree.  Thus  it  is  not  possible  to  discuss 
in  any  exact  way  the  possible  influence  of  the  resistance  of  conducting  tracts  on  the 
magnitude  of  the  concentration  of  the  sap.  Any  errors  due  to  this  source  may 
probably  be  disregarded  in  a  preliminary  study  like  the  present.  In  a  few  cases 
we  secured  determinations  from  leaves  originating  on  horizontal  branches  at  dif- 
ferent distances  from  the  main  trunk,  but  almost  without  exception  these  materials 
are  open  to  some  objection,  and  we  have  excluded  them. 
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taken  to  the  laboratory  for  preliminary  freezing*  in  order  to 
fadlitate  the  extraction  of  samples  of  sap  really  representative  of 
the  whole  mass  of  tissue,  as  demonstrated  by  Dixon  and  Atkinsf 
and  confirmed  by  experiments  made  subsequently  by  ourselves.J 
The  freezing-point  lowering  of  the  expressed  sap,  cleared  by 
centrifuging  at  high  speed, §  was  determined  by  the  use  of  a 
mercury  thermometer  graduated  in  hundredths  of  degrees  in 
divisions  sufficiently  large  to  permit  of  estimation  to  thousandths 
of  degrees.  The  freezing  of  the  sap  sample  was  effected  by 
bubbling  a  dried  air  current  through  carbon  bisulphide  or  ether 
in  a  Dewar  bulb. 

The  table  of  constants  contains  the  depression  of  the  freezing 
point  in  degrees  centigrade.  A,  corrected  for  the  influence  of  under- 
cooling, and  the  corresponding  values  of  the  osmotic  pressure,  P, 
from  a  published  table.  |j 

Specific  conductivity  at  30®  C,  if,  was  determined  in  a  Freas 
conductivity  cell  by  means  of  the  ordinary  Wheatstone  bridge 
of  the  physiological  laboratory.  The  cell  was  standardized  with 
N/io  KCl,  considered  as  having  a  specific  conductivity  of  0.01412 
at  30**. 

Freezing  point  lowering.  A,  and  specific  conductivity,  if,  are 
the  two  directly  determined  constants.  Osmotic  concentration 
or  osmotic  pressure,  P,  has  been  determined  from  A,  and  included 
in  the  table,  partly  because  it  is  easier  for  some  botanists  to  think 
in  terms  of  atmospheres  than  in  those  of  freezing  point  lowering, 
and  partly  because  this  is  necessary  for  the  purpose  of  ascertaining 
whether  the  increase  of  osmotic  concentration  with  increase  of 
height  of  insertion  is  at  the  rate  which  would  be  expected  if  this 


*  Goitoer.  R.  A..&  Harris.  J.  Arthur.  Notes  on  the  technique  of  the  deter- 
miaation  of   the  depression  of  the  freezing  point.     Plant  World  17:  49-53.     1914- 

t  Dixon.  H.  H..  &  Atkins,  W.  R.  G.  Osmotic  pressures  in  plants.  I.  Methods 
ci  extracting  Mp  from  plant  organs.  Sci.  Proc.  Roy.  Dublin  Soc.  N.  S.  13:  422-433. 
191  J.     Also  in  Notes.  Bot.  Sch.  Trin.  Coll.  Dublin  a:  154-163.     1913. 

X  Gortaer.  R.  A.,  Lawrence.  J.  W.  &  Harris.  J.  Arthur.  The  extraction  of  sap 
from  plant  tissue  by  pressure.     Biochem.  Bull.  5:  139-142.     1916. 

I  SoiBe  of  the  Mp«  cannot  be  perfectly  cleare<]  by  cenuifuging. 

I  Harris,  J.  Arthur.  &  (iortncr.  R.  A.  Note  on  the  calculation  of  the  osmotic 
ptcMure  of  expressed  vegetable  sap^  from  the  drprensjon  of  the  freezing  point,  with 
a  table  for  the  values  of  P  lor  A  -  o.ooi*  —  2.999**.  Amcr.  Jour.  B<Jt.  i:  75  78. 
1914. 
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increase  were  an  adjustment  on  the  part  of  the  cells  to  hydrostatic 
head  and  to  increased  resistance  of  conducting  tracts. 

Freezing  point  lowering  furnishes  a  measure  of  the  concentra- 
tion in  moles  and  ions  of  all  the  solutes,  non-electrolytes  and  non- 
dissociated  and  dissociated  electrolytes.  Specific  electrical  con- 
ductivity furnishes  a  measure  of  the  concentration  of  dissociated 
electrolytes  only. 

It  would  be  highly  important  to  differentiate  the  electrolytic 
and  the  non-electrolytic  elements  in  the  solutes  to  which  the  whole 
of  the  concentration  in  moles  and  ions  is  due.  Such  differentiation 
presents,  however,  in  the  case  of  a  mixed  solution  of  non-electro- 
lytes and  of  electrolytes  composed  of  inorganic  salts  and  of  weakly 
dissociable  organic  salts  and  acids,  a  problem  of  great  difficulty. 
We  have  therefore  contented  ourselves  with  the  calculation  of  the 
ratio  If/A,  which  is  useful  although  obviously  only  a  substitute 
for  more  refined  analysis. 

Before  proceeding  to  the  analysis  of  the  results,  a  word  should 
be  said  concerning  the  trustworthiness  of  the  constants. 

There  are  two  sources  of  error:  the  probable  errors  of  random 
sampling  in  the  collection  of  the  leaves  and  the  technical  errors 
in  the  extraction  of  sap  and  in  the  determination  of  the  constants. 
The  determination  of  the  actual  magnitude  of  these  errors  presents 
a  problem  of  considerable  difficulty,  and  we  are  not  in  a  position 
to  say  exactly  how  large  they  may  be.  It  is  quite  clear  from  the 
consistency  of  our  results  that  they  are  not  so  great  as  to  obscure 
the  general  law,  the  existence  or  the  non-existence  of  which  we 
have  been  seeking  to  demonstrate. 

We  do  not,  however,  lay  emphasis  upon  any  single  constant 
or  difference,  and  we  do  not  attempt  to  explain  individual  incon- 
sistencies. In  the  rather  onerous  task  of  collecting  material  for 
and  carrying  out  the  determination  of  72  freezing  points  and  66 
conductivities,  it  is  highly  improbable  that  we  should  have  been 
able  to  avoid  entirely  probable  errors  of  random  sampling  in  the 
collection  of  the  tissues  and  errors  of  laboratory  technique  at  least 
as  great  and  sometimes  greater  than  the  actual  differences  of  the 
kind  which  we  have  been  seeking  to  demonstrate,  if  existent. 

Thus,  even  if  osmotic  concentration  increases  with  height  of 
insertion,  one  should  expect  to  find  a  negative  relationship  indi- 
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cated  by  actual  measurements  occasionally,  just  as  in  other 
inatances  the  increase  indicated  by  the  constants  would  be  higher 
than  the  true  value.* 

III.  Presentation  and  analysis  of  data 

Altogether  26  sets  of  determinations  were  made,  covering  12 
species  of  trees.  All  collections  were  made  in  the  immediate 
neighborhood  of  the  Station  for  Experimental  Evolution.  The 
results  are  given  in  the  accompanying  tabular  statement. 

Here  are  given  the  approximate  actual  heights  above  the 
ground  of  the  samples  of  leaves  taken,  designated  by  letters  A,  B, 
C\  "  '  from  the  highest  to  the  lowest,  the  depression  of  the  freezing 
point.  X  and  the  osmotic  concentration  or  pressure  in  atmos- 
pheres, P,  specific  electrical  conductivities,  if,  multiplied  by  lo* 
and  «  A  X  10*  of  the  expressed  leaf  sap. 

These  results  in  terms  of  osmotic  concentration,  P,  are  repre- 
sented in  Diagrams  i  and  2,  which  are  self-explanatory. 

A  cursory  examination  of  the  protocol  or  a  glance  at  the 
diagrams  shows  that  almost  without  exception  the  osmotic  con- 
centration is  higher  in  samples  taken  at  the  higher  levels. 

As  a  means  of  more  exact  comparison  we  have  determined  the 
difference  in  these  values  for  ever>'  possible  pair  of  levels,  i.  e., 
I  2n(fi  —  i)  sets  of  differences  for  each  tree,  where  n  is  the  number 
of  le>'els  from  which  samples  were  taken.  These  differences  are 
taken  (constant  for  higher  level)  less  (constant  for  lower  level). 


•  A  particular  cmae  in  point  is  that  of  two  determinations  based  on  a  tree  of 
Populus  bclsamiftra.  A  first  pair  of  collections  made  on  August  25.  in<licated  that 
tb*  l««VM  taken  from  the  6-foot  level  contained  sap  which  froze  at  0.04a*  lower  than 
that  of  kave*  from  the  35-foot  level.  A  repetition  of  the  collections  on  AuKut»t  2$ 
iofiicated  that  the  sap  of  the  leaves  from  the  32-foot  level  froze  0.105°  higher  -  i.  e.. 
had  t.it  atmocpheres  higher  osmotic  pressure — than  tho^e  at  the  64(H)t  level. 

Note  that  if  the«e  two  determinations  be  averaged,  they  indicate  a  higher  osmotic 
cnnccistration  tor  the  samples  taken  at  the  higher  level.  Since.  howe\er.  the  two 
are  not  consistent  we  have  omitted  both.  Po^^itily  this  tree  should  not  have  t>een 
nard  at  ail  since  the  collections  from  the  lower  branches  were  made  trom  the  endi  of 
kmf  branches  at  a  con«iderablc  distance  from  the  main  trunk.  Thus  if  the  reMstance 
of  the  conducting  tracts  be  a  factor  of  importance  it  would  tend  to  mmimi/e  the 
diflcrmcc  between  the  two  determinations. 

t  In  two  of  the  determinations  t>as(M)  on  Juglans  and  in  two  or  more  ot  tho^ie 
based  00  Robimia,  collections  were  made  from  the  ««ame  trees  in  IQ14  and  igis. 
Otberwffe  all  are  based  on  different  indi\  idual*. 
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Sample 

Height 

1              A              1              P              1        «  X  xo» 

«/A  X  ia» 

Acer  rubrum  L.    June  io.  1915 

A 

47 
27 
12 

1.38s 
1.359 
1.334 

16.66 
16.35 
16.05 

863 
911 
938 

623 
671 
703 

B 

C 

Acer  rubrum  L. 

August  25.  19 15 

A 

50 
38 
10 

1. 210                    14.56                        *^6 

741 
830 
770 

B 

1. 131                    13.61 
1.084                    13.04 

93I 
834 

c 

Ac 

er  rubrum  L.    August  25.  19 15 

A 

43 
i3_ 

1.046 
.992 

12.59 
11.94 

852 
915 

815 
922 

B 

Betula  lenta  L.    August  i,  19 15 

A 

29 
12 

1.518 
1.411 

18.25 
16.97 

1,056 
1. 160 

696 
822 

B 

BeltOa  lenta  L.    August  23.  1915 

A 

40 
17 

1.046 
.933 

12.59 
11.23 

B 

Betula  lenta  L.    August  23.  19 15 

A 

B 

46 
13 

1. 182 
1.090 

14.22 
13.12 

Betula  lutea  Michx.     July  23.  19 14 

A 

66 

52 

39 
25 
II 

1.293 
1.331 
1.257 
1. 173 
1.050 

15.55        1        1. 160 
16.01        1        1.027 
15.12        1        I, no 
14.11        1        1.083 
12.63       !         990 

897 
772 
883 
923 
942 

B    

c 

D 

E 

Fagus  grandifolia  Ehrh.    August  20,  19 15 

A 

64 
19 

1.824 
1.441 

21.92 
17.33 

B 

Fagus  grandifolia  Ehrh.     August  25,  1915 

A 

43 
15 

1-493 
1.402 

17-95 
16.86 

1.278 
1.252 

856 
893 

B 

Juglans  cinerea  L.     June  18,  1914 

A    

52 
44 
38 
32 
21 
8 

1.522         1         18.31 
1.525                  18.33 
1.429                  17.18 
1.513         1         18.19 
1.484         1         17.85 
1.108                  16.81 

1,046 
1. 114 
1,218 
1. 174 
1. 197 

687 
731 
852 
777 
807 
954 

B 

C 

D 

E 

F 
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A 
B 
C 


A 
B. 


A  . 
B 


A 

B. 

C 


A  . 
B 


A  . 

B 

C 


A  . 

B 
C 
D 


A  . 
B 


A. 

B 
C 


A  . 
B 
C 
D. 


Hdthi 


I 


«Xio» 


Jmglans  cinerea  L.    June  4.  1915 


41 
30 
17 


i.aog        i 

1137 

X.13X 


M54 
13.68 
13.61 


x.aoS 
1.332 
1,3x3 


«Mx«o* 


999 
X.084 
1.072 


Juglans  cifureal^.     Jl^nb  8,  1915 


45                  1049                ia.6a                1.435 
34  X.0X5 13. 31 1.353 

GUdUsckia  Iriacanthos  L.     August  35.  1915 


X.368 
I        1.334 


46 
15 


X.419 
X.385 


17.07 
15.46 


937 
938 


653 

730 


PUUanus  oruniaOs  L.     August  38,  1915 


66 
45 

31 


1.353 
1.367 
1. 137 


16.37 
15.34 
13.56 


1.458 
1.637 
1.588 


1.078 
1.384 
1.409 


Quercus  coccinta  Wang.    June  30.  1914  ^ 


56 
33 


1.593 
1.383 


19.14 
16.63 


981 

848 


Quercus  palustris  L.    June  16.  1914 


33 

33 

9 


1.933 
1.738 
1.681 


33.33 
20.77 
30.21 


903 
1.003 
I.0S7 


617 
613 


467 
580 
639 


Quercus  Frinus  L.     Jt^E  16.  1914 


47 
36 
30 
X9 


1.683 
,  1.670 
I    1.640 

1.638 


30.33  X.133 

30.08  1,383 

19.73  I         1.314 

1957  I         1.388 


Robinia  Pseudacccia  L. 


45  X.050 

13  .903 

RMnia  Pseudacacia  L. 

45  •  .969 

36  '  .933 

_34  -915 

Robimia  Pseudacoiia  L. 


5X 

39 

39 

9 


1.034 
.930 
.903 
.887 


June 

9. 

1914 

13.63 
10.86 

X.536 

1.458 

June 

9.  1914 

11.66 
11.33 
II. 01 

1.333 
1.367 
1.363 

June 

13.    I914 

13.44 

11.07 
10.87 
10.68 

1.377 
1. 181 
1.317 
1.340 

667 

768 
801 
791 


1.463 
1.616 


1.373 
1.360 
I.48S 


1.336 

l.iHs 
1.348 
1. 511 


*  In  the  catet  of  Qutrcus  coccinea  of  June  30.  samples  taken  at  61  and  at  50  feet 
proved  insulRcient  for  a  determination  of  freezins  point  towering  and  have  been 
combined  to  form  a  dngle  sample  arbitrarily  placed  at  56  feet. 
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Sample 

Height 

A            1            P 

«X«o» 

«/A  X  io» 

Robinia  Pseudacacia  L.     June  i8,  19 14 

A 

41 
18 

1. 158 
1.045 

13.93 
12.57 

1,512 
1.589 

1,306 
I.521 

B 

Robinia  Pseudacacia  L.     Junb  14,  19 15 

A  . 
B. 
C. 


40 
28 
14 


I         1. 189 
I         1.Z26 

!        1. 01 7 


14.30 
13.55 
12.24 


1.379 
1.407 
1.213 


Robinia  Pseudacacia  L.    July  30.  1915 


1. 159 
1,249 
1. 193 


Robinia  Pseudacacia  L.     June  8 

1915 

A 

B 

30 
13 

.876 
.817 

10.54 
9.84 

1,061 
1.390 

1.212 
1,701 

A 

37 

25 

8 

1.009 
.960 
.998 

12.14 

11.55 
12.01 

1.390 
1.424 
1.298 

1.377 
1.483 
1. 30 1 

B 

C 

Salix  8p.    June  8,  19 15 

A 

25 
10 

1.029 
1.024 

12.38 
12.32 

1.605 
I.S99 

1,560 
1.562 

B 

Salix  sp.    June  8.  19 15 

A 

33 
12 

1. 180 
1. 171 

14.20 
14.09 

1.567 
1.574 

1.328 
1.344 

B 

Thus  the  signs  are  positive  when  osmotic  concentration  increases 
with  height  of  insertion. 

For  example,  in  the  case  of  Acer  rubrunt  of  June  10  the  differ- 
ences are : 


Heights       t 

Z-A) 

A 

p 

irXxo* 

«/AXio» 

A  -  B 1 

A  -C 

B  -C , 

20 
35 

15 

0.026 
O.OSI         1 

0.025      ! 

0.31 
0.61 
0.30 

-48 
-  75 
-27 

-48 
-80 
-32 

It  is  quite  unnecessary  to  burden  these  pages  with  the  actual 
differences,  which  have  been  represented  graphically  in  the  dia- 
grams. Summarizing  the  results  we  note  first  of  all  that  in  73  of 
the  78  comparisons  which  may  be  made,  the  sample  of  tissue 
collected  at  the  higher  level  shows  a  greater  concentration  than 
does  the  one  taken  at  the  lower  level.     More  satisfactory  evidence 


Digitized  by 


Google 


Osmotic  concentration  of  leaf  sap 


277 


of  an  increase  in  the  concentration  of  the  leaf  sap  with  increase 
in  height  of  insertion  could  hardly  be  desired! 

On  the  assumption  of  the  adjustment  of  the  leaf  cells  to  an 
increased  load — an  assumption  which  we  are  not  at  this  moment 
cither  urging  or  combating — the  increase  in  osmotic  concentra- 
tion of  the  sap  of  the  tissues  collected  at  a  higher  level,  L»  over 
that  of  tissues  collected  at  a  lower  level,  Lo,  should  be  proportional 
to  the  combined  weight  of  two  factors:   (o)  the  hydrostatic  head, 
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and  (ft)  the  resistance  due  to  the  passage  of  the  column  of  water 
of  length  L  —  Lo  through  the  conducting  tracts. 

Since  L  —  Lo  is  measured  in  feet,  both  of  these  values  should 
be  expressed  in  heights  of  water  column  in  the  same  units.  Thus 
the  increase  in  atmospheres  pressure  due  to  hydrostatic  head,  H, 
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P  -  Po  -  H. 
m'here 

H-{L-  L,)/34. 

where  except  for  differences  due  to  the  elevation  above  sea  level 
at  which  collections  are  made,  //  is  invariable. 

The  resistance  of  the  conducting  tracts  may  be  most  conveni- 
ently expressed  in  terms  of  the  ratio  between  (i)  height  of  a 
column  of  water,  R\  which  is  required  to  force  water  through  a 
horizontal  stem  of  length  L  —  Lo  at  the  rate  of  the  transpiration 
stream,  and  (2)  the  height  of  a  column  of  water  which  is  the 
equivalent  of  one  atmosphere  pressure,  i.  e.,  R  —  i?V34' 

Possibly  /?,  the  constant  for  the  resistance  of  the  conducting 
tracts,  may  differ  from  species  to  species.  However  this  may  be, 
workers  who  have  attempted  to  determine  the  value  of  this 
constant  have  come  to  widely  divergent  conclusions. 

Dixon  devotes  Chapter  VI  of  his  book  on  Transpiration  and 
the  Aftccnt  of  Sap  to  the  criticism  of  the  experimental  data  on  the 
resistance  offered  by  the  wood  to  the  movement  of  the  transpira- 
tion stream.     He  concludes: 

"It  AppeATs  that  Mmter  may  be  moved  through  a  stem  in  a  horizontal  position 
with  the  velocity  of  the  tnuispiration  current  if  urged  by  a  head  equal  to  the  length 
ol  the  stem.  To  raise  water  in  a  vertical  stem  at  the  same  velocity,  evidently  twice 
the  bead  will  be  required.  Consequently  when  the  force  is  applied  as  tension  at  the 
upper  end.  the  greatest  stress  the  water  need  be  subjected  to  is  double  the  height 
of  the  moving  column." 

Now  while  we  may  assume  that 

P  -  Po  «  //  +  /? 

represents  approximately  the  two  most  important  factors  deter- 
mining any  adjustment  (if  such  adjustment  really  exists)  of  the 
cells  to  increased  load,  it  is  quite  clear  that  the  etjuation  may 
not  be  so  simple.  Other  factors  are  probably  also  involved. 
For  example  capillarity  may  diminish  the  downward  pull  due  to 
gravity.  Possibly  the  power  of  imbibition  of  the  leaf  colloids  may 
also  play  a  rfile  similar  to  that  of  the  osmotic  concentration  of 
the  solutes  which  contribute  to  the  freezing-point  lowering. 

It  is  clear  that  the  testing  of  the  experimental  results  secured 
in  our  height  studies  against  this  formula  iu  rendered  highly 
questionable  by  reason  of  the  fact  that  nothing  is  definitely  known 


Digitized  by  VjOOQIC 


280  Harris,  Gortner,  and  Lawrenxe: 

concerning  the  value  of  R  in  the  species  of  trees  with  which  we 
have  worked. 

The  average  ratio  of  the  differences  in  height  of  all  the  possible 
pairs  of  samples  from  the  same  individual  tree  to  thie  water- 
column  equivalent  of  one  atmosphere  have  been  computed  and 
found  to  be 

H  =  (L  -  Lo)/34  =  0.646. 

Thus  if  differences  in  hydrostatic  head  stood  in  a  causal  relation 
to  differences  in  the  osmotic  concentration  of  the  leaf  sap,  and 
were  the  only  factor  of  significance,  one  would  expect  an  average 
difference  of  0.646  atmospheres  in  the  series  of  differences  deter- 
mined from  our  observations. 

Naturally  the  resistance  of  the  conducting  tracts  cannot  be 
neglected.  Dixon  estimates  that  at  most  this  is  not  greater  than 
the  hydrostatic  head.  If  twice  this  value  be  taken  for  the  sake  of 
obtaining  concrete  figures  the  theoretical  mean  value  of  the 
difference  in  osmotic  concentration  at  two  levels  would  be  1.291. 

The  observed  mean  difference  in  osmotic  concentration,  P, 
is  almost  exactly  midway  between  the  two  values  0.646  and 
2  X  0.646,  i.  e.,  0.978  as  compared  with  the  mid  value  0.968. 

The  closeness  of  agreement  to  be  expected  between  obser\'a- 
tion  and  theory  must  depend  entirely  upon  the  value  assigned  to 
R,  Taking  R  ^  H  the  agreement  is  not  good,  for  the  mean 
value  of  P  —  Po  is  about  i.oo  as  compared  with  the  expected  1.30. 
The  value  of  R  which  would  harmonize  hypothesis  and  observa- 
tion would  be  .333  as  compared  with  .646,  or  about  half  the 
hydrostatic  head  instead  of  the  equivalent  of  the  hydrostatic  head 
considered  the  maximum  value  by  Dixon.  Since  determinations 
of  the  resistance  of  the  conducting  tissues  have  for  the  most  part 
been  made  on  cut  branches  and  with  methods  in  which  errors 
are  unavoidable,  it  seems  quite  possible  that  half  rather  than  the 
equivalent  of  the  hydrostatic  head  may  be  the  true  value  of  the 
force  required  to  overcome  the  resistance  encountered  by  water 
in  moving  through  the  conducting  tracts  of  these  species  at  the 
rate  of  the  transpiration  stream.* 

♦  Capillary  rise  in  the  stem  and  imbibition  pressure  in  the  leaf  cells  would  both 
tend  to  offset  R.  Neither  of  these  forces  would  be  incl^uded.  at  least  in  their  entirety, 
in  the  direct  measurements  of  R  which  have  been  made. 
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It  is  perhaps  evident  from  the  preceding  paragraphs  that  the 
four  lines  of  investigation  now  most  needful  for  a  more  complete 
understanding  of  the  relationship  between  osmotic  concentration 
and  level  of  leaf  insertion  are:  (a)  more  extensive  measurements 
of  the  resistance  opposed  to  the  transpiration  stream  by  the  con- 
ducting tracts;  (6)  detailed  investigations  of  the  properties  of  the 
fluids  of  the  transpiration  stream  at  different  levels  in  the  trunk 
throughout  the  year;  (c)  measurements  of  the  two  chief  atmos- 
pheric environmental  factors,  evaporating  power  of  air  and  insola- 
tion at  different  levels;  and  (d)  determination  of  the  extent  of  the 
rdlc  played  by  the  imbibition  pressure  of  leaf  colloids. 

The  question  of  the  resistance  of  the  wood  system  has  been 
touched  on  above.  Further  measurements  for  a  great  variety  of 
species  are  needed.  The  importance  for  plant  physiology  in 
general  of  the  investigation  of  the  composition  of  the  transpiration 
stream  at  different  levels  has  been  shown  by  Dixon  and  Atkins 
who  have  provided  a  method*  and  have  published  several  series 
of  measurements  on  trees  examined  during  the  winter  and  vernal 
season.!  It  seems  rather  improbable  that  such  differences  as 
tbe>'  were  able  to  demonstrate  during  the  period  of  mobilization 
of  reserve  materials  should  be  of  great  influence  at  the  time  at 
which  our  determinations  were  carried  out.  Nevertheless  the 
subject  deserves  far  more  detailed  study  than  Dixon  and  Atkins 
have  been  able  to  give  it  in  their  splendid  pioneer  work.f 

Differences  in  the  evaporating  power  of  the  air  and  in  insolation 
would  (theoretically)  influence  osmotic  pressure  by  increasing  the 
concentration  of  solutes  in  the  leaves  by  evaporation  and  through 
differences  in  the  rate  of  photosynthesis  in  varying  illumination. 


•  UUon.  H.  H..  &  Atkins.  W.  R.  G.  Osmotic  pmsum  in  planU.  IV.  (>n  the 
omstitucnts  and  the  concentration  of  the  sap  in  the  conducting  tracts,  and  on  the 
circulation  o(  carbohydrates  in  plants.  Sci.  Proc.  Roy.  Dublin  Soc.  N.  S.  14:  374- 
39a.     1915.     Also  in  Notes.  Bot.  Sch.  Trin.  Coll.  Dublin  a:  275-293.     igi6. 

t  Dixoo.  H.  H.,  &  Atkins.  W.  R.  G.  Osmotic  pressures  in  plants.  VI.  On  the 
composittofi  of  the  feap  of  the  conducting  tracts  of  trees  at  different  leveU  and  at 
dtfcrent  seasons  of  the  year.  Sci.  Proc.  Roy.  Dublin  Soc,  N.  S.  15:  51  <)j.  1916. 
Also  in  Note**  Bot.  Sch.  Trin.  Coll.  Dublin  a:  335  34ft.     1916. 

t  Note  tliat  Dixon  and  Atkins  find  that  the  concentration  of  carlH>hy(iratrs 
locTctties  from  lower  to  higher  levels  of  the  trunk.  Possibly  thi<  may  have  ^ome 
relation  to  our  cmm  findings  with  regard  to  the  increa^  of  osmotic  concentration 
but  the  decrcaae  ot  conductivity,  or  at  lea -it  of  the  ratio  of  conductivity  to  f  reeling 
point  lowering,  in  leaves  Inserted  at  higher  levels.     Soc  discuH>ion  Ik*Iow. 
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The  question  of  differentiation  in  atmospheric  conditions  at 
various  levels  in  the  forest  has  long  received  the  attention  of 
ecologists.  Thus  as  early  as  1888  Schimper*  called  attention  to 
differences  in  the  epiphytic  vegetation  of  the  forest  floor  and 
canopy.  Shreve  in  his  studies  on  Jamaican  Hymenophyllaceaef 
and  on  Jamaican  montane  rain  forest  epiphytes  in  generalj  has 
emphasized  the  same  point,  referring  the  observed  differences  to 
'*  vertical  differences  between  the  climate  of  the  forest  floor  and 
its  canopy." 

Further  light  is  thrown  upon  the  subject  by  an  examination  of 
the  specific  electrical  conductivity  of  the  saps. 

While  the  values  of  k  measuring  the  concentration  of  dis- 
sociated electrolytes  do  not  show  as  great  regularity  as  do  those 
of  A  measuring  the  concentration  of  total  solutes,  the  general 
trend  of  the  relationship  between  this  constant  and  height  of 
insertion  is  clearly  the  reverse  of  that  demonstrated  by  the 
freezing-point  lowering.  Thus  in  46  cases  the  conductivity  de- 
creases§  from  lower  to  higher  levels  as  compared  with  29  cases  in 
which  it  increases.  II  Thus  apparently  the  saps  from  higher  levels 
are  actually  less  rich  in  electrolytes  than  those  from  the  lower 
levels. 

That  samples  from  higher  levels  are  relatively  less  rich  in 
electrolytes  is  splendidly  shown  by  a  comparison  of  the  ratios  of 
electrical  conductivity  to  freezing-point  lowering,  i.  e.,  k/A.  These 
are  represented  in  Diagrams  3  and  4.  In  all  but  13  of  the  75  cases 
the  ratio  is  lower  in  the  saps  from  the  higher  levels.     Further- 

♦  Schimper,  A.  F.  W.  Die  epiphytische  Vegetation  Amerikas.  Bot.  Mitt, 
a.  d.  Tropen  i,  1888. 

t  Shreve,  F.  Studies  on  Jamaican  Hymenophyllaceae.  Bot.  Gaz.  51:  184-209. 
1911. 

t  Shreve,  F.  A  Montane  Rain-Forest.  Pub.  Cam.  Inst.  Wash.  199:  38-41. 
1914. 

§  Botanists  who  are  unaccustomed  to  thinking  in  physico-chemical  terms  need 
only  remember  that  specific  electrical  conductivity  is  the  reciprocal  of  the  resistance 
which  is  inversely  proportional  to  the  concentration  of  ions  of  electrolytes.  Thus  a 
decrease  in  conductivity  indicates  a  decrease  in  the  concentration  of  dissociated 
electrolytes. 

II  Confidence  in  the  significance  of  these  differences  is  increased  by  the  fact  that 
the  mean  value  of  the  negative  differences  (i.  e.,  those  in  which  the  conductivity 
at  a  lower  level  is  greater  than  that  at  a  higher  level)  is  greater  than  that  of  the  29 
positive  differences. 
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more,  the  averages  of  the  negative  differences  is  far  higher  than. 
those  indicating  increase  in  «  A  with  increase  in  height  of  insertion. 
Thus  the  mean  of  the  positive  differences  between  the  values  of 
(«  i^)  X  lo*  for  higher  and  lower  levels  is  only  69.5  as  compared 
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with  a  mean  of   —  112.3  for  the  negative  differences.     For  all 
comparisons  the  mean  diflFerences  in  —  80.7. 

Thus  our  findings  apparently  indicate  that  if  environmental 
heterogeneity  plays  a  r61e  in  the  determination  of  the  diflFerences 
in  the  physico-chemical  constants  found,  the  increased  photo- 
synthesis at  higher  levels  is  the  factor  of  the  greatest  in;iportance. 
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Our  own  feeling  in  regard  to  the  matter  is  that  conclusions 
concerning  this  question  should  be  deferred  until  actual  measure- 
ments of  the  suggested  environmental  factors  are  available. 

IV.   Recapitulation 

In  the  preceding  pages  we  have  considered  the  problem  of  the 
relationship  between  level  of  insertion  and  the  physico-chemical 
properties  of  leaf  sap  in  trees. 

Measurements  on  26  trees  belonging  to  12  species  show  that: 

(a)  The  osmotic  concentration  of  the  leaf  sap  as  determined 
by  the  freezing-point  lowering  method  increases  from  lower  to 
higher  lev^els.     This  is  true  almost  without  exception. 

(6)  Specific  electrical  conductivity,  ic,  shows  a  tendency  to 
decrease  from  lower  to  higher  levels.  The  results  are,  however, 
by  no  means  so  regular  as  those  for  the  depression  of  the  freezing 
point,  A. 

(f )  The  ratio  of  specific  electrical  conductivity  to  freezing-point 
lowering,  k  A,  decreases  from  lower  to  higher  levels.  This  is  true, 
almost  without  exception. 

The  relationship  of  physico-chemical  properties  to  level  of  leaf 
insertion  must  be  due  to  either  internal  or  environmental  factors. 

The  suggestion  is  made  as  a  basis  for  further  investigation 
that  if  the  increase  in  osmotic  concentration  with  increase  in 
level  of  insertion  be  an  adjustment  on  the  part  of  the  leaf  cell  to 
increased  load,  the  increment  in  osmotic  concentration  should  l>e 
approximately  given  by 

P  -  Po  =  //  +  /?. 

m'herc  P  is  the  osmotic  concentration  at  a  higher  and  Po  that  at  a 
lower  level,  //  is  the  weight  in  terms  of  atmospheres  of  a  column 
of  water  L  —  La  in  height,  and  R  is  the  resistance,  expressed  in 
atmospheres,  to  the  passage  of  water  moving  at  the  rate  of  the 
transpiration  stream  opposed  by  conducting  tracts  of  the  length 
Z,  —  Lo,  where  L  and  Lq  are  the  heights  of  the  two  levels  of  leaf 
insertion. 
The  ratio 

P  -  Po 

(L-Lo)34' 
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which  should  equal  unity  within  the  limits  of  experimental  error 
if  increase  in  osmotic  concentration  were  an  adjustment  to  hydrostatic 
head  alone,  varies  widely,  with  the  average  value  of  1.508.  This 
excess  might  be  expected  from  the  resistance  due  to  the  conducting 
tracts.  The  closeness  of  agreement  of  theory  and  observation 
must  depend  upon  the  value  found  for  R,  a  value  upon  which 
experimenters  are  not  at  all  in  accord. 

We  must,  however,  point  out  that  an  agreement  between  the 
observed  increments  in  osmotic  concentration  and  the  theoretical 
values  calculated  from  the  hydrostatic  head  and  the  resistance 
of  the  conducting  elements  cannot  be  taken  as  proof  of  an  adjust- 
ment on  the  part  of  the  cells  to  the  back  pull  due  to  these  factors. 
Such  agreement  might  be  purely  accidental.  Until  the  possible 
external  factors  to  which  increase  in  osmotic  concentration  at 
higher  levels  might  be  due  are  eliminated  by  experimental  studies, 
any  such  agreement  should  be  regarded  as  a  coincidence.  Meas- 
urements of  the  extent  of  differentiation  in  evaporating  power  of 
the  air  and  in  the  intensity  of  illumination  to  which  leaves  growing 
at  various  heights  are  subjected  are  urgently  needed. 

In  emphasizing  the  fact  that  the  results  of  this  study  neither 
substantiate  nor  disprove  the  assumption  that  the  back  pull  due 
to  hydrostatic  head  and  to  the  resistance  of  the  tracts  stand  in  a 
causal  relation  to  the  increase  in  osmotic  concentration,  we  must 
point  out  that  if  osmotic  concentration  of  the  leaf  sap  be  a  factor 
of  importance  in  the  rise  of  the  transpiration  stream,  the  increase 
in  the  osmotic  concentration  with  height  of  insertion  may  bear 
a  very  significant  causal  relation  to  the  ascent  of  sap  in  trees. 

The  fact  that  the  relative  concentration  of  electrolytes  de- 
creases from  lower  to  higher  levels  would  indicate  that  the  dif- 
ferences are  due  to  increased  photosynthesis  in  the  upper  regions 
of  the  tree  rather  than  to  the  concentration  of  salts  from  the  soil 
solution  by  increased  transpiration. 

In  conclusion,  it  is  perhaps  hardly  necessary  to  suggest  the 
desirability  of  correlating  differences  already  known  to  be  asso- 
ciated with  height  in  trees — for  example,  heavier  fruiting  or  the 
development  of  the  so-called  shade  leaves — ^with  sap  properties. 

Station  for  Experimental  Evolution, 
Cold  Spring  Harbor,  New  York 


Digitized  by  VjOOQIC 


A  critical  study  of  certain  species  of  Mucor 

Alfred  H.  W.  Povah 

(with  plates  17-20) 
[Concluded  from  page  239] 

V.    TAXONOMIC 

In  the  preceding  experimental  part  of  this  work  it  has  been 
sho^'n  that  the  species  of  Mucor,  with  but  few  exceptions,  are 
rather  plastic  organisms,  varying  considerably  with  the  external 
conditions,  particularly  the  substratum.  This  fact,  together  with 
the  lack  of  emphasis  as  to  its  importance,  especially  in  questions 
of  taxonomy,  has  led  to  a  great  deal  of  confusion  and  often  to  the 
description  of  a  single  species  under  several  names.  In  view  of 
this  fact  it  appeared  most  desirable  to  attempt  a  standardization 
of  the  cultural  requirements  and  to  undertake  a  detailed  study  of 
as  many  forms  as  possible  under  such  conditions.  Early  in  the 
work  it  was  seen  that  it  would  l)e  necessary  to  limit  the  field  of 
study,  and  as  the  genus  Mucor  is  composed  of  so  many  species 
which  offered  difficulty,  it  was  decided  to  include  only  this  genus 
in  the  detailed  study.  In  the  aggregate,  over  one  hundred  col- 
lections (numbering  those  from  which  no  mucors  were  isolated) 
have  been  made  during  the  last  three  years.  A  glance  at  Table  I 
will  show  the  result:  eighty-four  collections  gave  mua)rs.  twenty- 
eight  from  dung,  twenty-two  from  decaying  plant  or  animal  sub- 
stances, twenty-three  from  soil,  etc.  F'ourteen  genera  of  the 
Mucorales,  including  thirty-seven  species,  were  isolates! :  Mucor, 
nineteen  species;  Absidia,  two  s|>ecies;  Rhizopus,  two  si)ocies; 
Sporodinia,  one  species;  Phycomyces,  one  species;  Circinella,  one 
species;  Glomeruli  one  s[K*cies;  Zygorhynchus,  one  siK*cies;  Ileli- 
cosiylum,  one  species;  Tliamnidium,  one  species;  Piloholus,  three 
species;  Chaetocladium,  one  sjwcies;  Cunninghamella,  one  sjK^cies; 
and  Syncephalis,  two  species. 

It  will  be  observed  (Table  I)  that  sixty-six  collections  of 
Mucor  were  obtained,  which  are  referrecl  to  nineteen  species.  Of 
these,   six   species  are   undescrilxKl,    viz.:    Mucor  abundans,    M. 

2S7 
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varians,  M.  aromaticus,  M,  griseosporus,  M.  coprophilus,  and  M. 
griseo-lilacinus. 

As  has  been  mentioned  before,  it  was  decided  to  use  bread  as 
a  standard  medium  for  the  comparative  study  of  the  species  of 
Mucor,  A  convenient  and,  at  the  same  time,  uniform  style  of 
culture  was  a  further  desideratum.  The  tall  lipless  beakers  de- 
scribed in  the  method  of  making  herbarium  preparations  proved 
unsuitable  in  this  case,  by  reason  of  their  large  size,  and  the  im- 
possibility of  opening  them  after  they  had  stood  for  some  time 
without  contaminating  the  culture.  This  was  doubtless  due  to  the 
fact  that  the  cotton  used  to  make  the  (Petri  dish)  cover  tight  served 
as  a  collector  of  spore-containing  dust.  After  several  arrange- 
ments, the  following  method  was  evolved,  and  this  has  proved 
successful  and  easy  of  manipulation.  Two  glass  capsules,  each 
containing  about  i  c.c.  of  bread  (fresh  bread,  slightly  moistened, 
or  dried  bread  with  sufficient  water  added  to  form  a  paste  after 
autoclaving),  were  placed  side  by  side  in  a  125  mm.  crystallizing 
dish.  This  was  covered  first  with  a  thin  layer  of  cotton  batting, 
and  then  with  a  circular  glass  plate  about  12.5  cm.  in  diameter. 
These  preparations  were  autoclaved  three  or  four  hours  at  fifteen 
pounds  pressure.  All  of  the  descriptions  and  figures,  unless 
otherwise  specified,  were  made  from  cultures  prepared  according 
to  the  above-described  method.  The  height  in  each  case  was 
checked  by  comparison  with  herbarium  cultures  in  the  tall  beakers. 

The  author  assumes  that  anyone  attempting  to  identify  a 
mucor  has  found  some  difficulty  with  the  already  existing  keys,  in 
that  it  is  necessary  first  of  all  to  determine  whether  or  not  the 
sporangiophores  are  branched  or  simple,  and  if  the  former,  whether 
racemosely  or  cymosely  branched.  To  facilitate  matters,  con- 
sideration will  first  be  given  to  the  question  of  simple  and  branched 
sporangiophores.  Lendner  gives  as  a  parenthetical  expression 
after  his  unbranched  group  "exceptionally,  when  the  conditions 
of  nutrition  are  unfavorable,  branches  are  formed ;  they  are  cases 
of  anomaly."  This  immediately  causes  trouble,  because  if 
branching  is  found  in  a  species  it  must  be  determined  whether  it  is 
anomalous  or  not.  To  give  a  concrete  example,  Wehmer  (1903) 
described  a  mucor  under  the  name  Mucor  hiemaUs  as  **  mostly 
unbranched  (seldom  with  lateral  branches),**  and  this  has  been 
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placed  by  Lendner  under  the  unbranched  group.  Hagem  (1908) 
says  that  after  a  study  of  Wehmer's  species  he  believes  that 
Mucor  hiemalis  has  simple  sporangiophores  only  in  young  cultures, 
later  becoming  profusely  branched .  M.  Mucedo  L. ,  also,  has  always 
been  classed  as  a  simple  form,  yet  in  most  descriptions  branching  is 
given  as  occurring  rarely.  It  seems  better,  therefore,  not  to  follow 
the  traditional  separation  into  branched  and  unbranched  forms. 
The  question  of  kind  or  type  of  branching  is  even  more  difficult 
to  determine  as  both  types  often  occur  in  the  same  species  (Af. 
saiuminus).  Moreover,  different  students  of  the  group  place 
the  same  species  under  different  types  of  branching.  Examples 
of  this  disagreement  are  shown  in  the  case  of  Af.  sphaerosporus^ 
M.  griscixyanus,  and  M,  silvaticus,  all  of  which  were  described  by 
Hagem.  He  placed  the  first  two  in  the  RacenuhMucor  group  and 
the  third  in  the  Cymo-Mucor  group.  Lendner  changes  all  three, 
placing  the  first  two  in  the  cymose,  and  the  third  in  the  racemose 
group.  From  this  it  is  manifest  that  branching  is  a  poor  means 
of  separation  of  species  in  a  key.  For  these  and  other  reasons  to 
be  given  later,  the  writer  has  discarded  this  character  in  the 
preparation  of  the  following  key  which  contains  the  species  studied 
from  uniform,  standard  bread  cultures. 

Key  to  spbcibs  studied 

t .  Turf  5  cm.  tmll  or  over i .  M.  proliferus  Schontak. 

I .  Turf  0.5-5  cm.  tail a 

I .  Turf  Ictt  than  0.5  cm.  tall 16 

a.  Spom  globoM,  lubgloboae  to  suboval 3 

J.  Spora  not  globoM  to  tuboval 9 

J  Turf  aomc  shade  of  gray 4 

J.  Turf  dark  brown 8 

4  Turf  loo«e.  aoon  collapsing 2.  if.  christianiensis  Hagem. 

4.  Turf  denac,  remaining  erect 5 

S-  Spores  large,  shining,  8-13 1* 3.  A/,  lamproipiwus  Lendner, 

5.  Spores  small,  not  exceeding  6/1 6 

6.  Columella  subglobose  to  p>Tiform 4.  M.  abundans  sp.  nov. 

6.  Columella  globose  to  oval 7 

7.  Sporangia  brownish;  circinate  sporangiophores 

near  substratum 5-  A/,  circindloides  Van  Tiegh. 

7.  Sporangia  grayish;  drcinationa  not  prewnt 6.  A/,  corticoluz  Hagem. 

t.  Columella  spincscent;  chlamydos pores  rarely  in 

sporangiophores 7.  M.  plumhtus  Bonorden. 

8.  Columella  smooth;  chlamydosporrn  usually  in 

sporangiophores 8.  A/.  sphafro^fHwus  HaKom. 
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9.  Spores  elliptical  or  cylindrical 10 

9.  Spores  not  elliptical  or  cylindrical 12 

10.  Culture  aromatic;  turf  ochraceous 9.  M.  aromaticus  sp.  no  v. 

10.  Culture  not  aromatic;  turf  gray 11 

11.  Columella  pyriform  to  panduriform; -spores  8-12 

X5-6  M 10.  M.  griseosporus  sp.  nov. 

11.  Columella  cylindrical  to  pyriform;  spores  9-16 

X5-8  M 1 1.  Af .  coprophilus  sp.  nov. 

12.  Turf  ivory  yellow  to  olive  buff  (Ridgway) 12.  M.  varians  sp.  nov. 

12.  Turf  some  shade  of  gray 13 

13.  Turf  loose;  columella  oval  to  pyriform 13.  M.  satuminus  Hagem. 

13.  Turf  dense;  columella  not  oval  to  pyriform 14 

14.  Spores  not  uniform,  subreniform,  subfusiform  . .  14.  M.  hiemalis  Wehraer. 

14.  Spores  uniform  oval 15 

15.  Sporangia  deep  bluish-gray;  circinate  sporangio- 

phores  near  substratum 15.  M.  griseo-cyanus  Hagem. 

15.  Sporangia  dark  greenish-gray;  circinations  not 

present 16.  M.  griseo-lilacinus  sp.  nov. 

16.  Turf  red;  columella  smooth 17.  Af.  Ramannianus  Moeller. 

16.  Turf  brown;  columella  spinescent 18.  M.  spinescens  Lendner. 

Descriptions  of  species 

I.   MucoR  PROLiFERUS  Schostak.  Ber.   Deutsch.  Bot.  Ges.   14: 
260.  pL  18,  f.  1-14,     1896 

Forming  on  bread  a  loose,  erect,  smoke  gray  (Ridgway)  turf, 
tinged  drab,  2-6  cm.  tall;  sporangiophores  septate,  23-82  m  in 
diameter,  simple  or  profusely  branched,  with  long  and  then  usually 
simple,  or  short,  simple  or  ramified  branches;  sporangia  large 
(terminal)  or  small  (lateral),  210-349  m  and  31-74 /i  in  diameter, 
respectively,  encrusted  with  crystals,  small  lateral  sporangia  often 
deciduous;  sporangium  wall  persistent  or  rupturing  (in  the  case  of 
the  small  sporangia),  or  deliquescent  (large  terminal  sporangia), 
leaving  a  basal  membrane;  columella  free,  cylindrical  to  pyriform 
(approaching  panduriform),  125-150  X  58-90  m  (extremes  70-266 
X  43-174  m)»  tinged  brownish;  spores  elliptical,  8-10  X  4-6  m  >i^ 
diameter  (extremes  6-16  X  4-8  m)»  hyaline;  zygospores  globose  or 
somewhat  flattened  at  the  ends  (diameter  with  axis  through  sus- 
pensors  17-31  m  less  than  diameter  perpendicular  to  it),  154-168 
X  127-137  M  (extremes  116-182  X  99-154  m).  dark  brown,  be- 
coming brownish  black  at  maturity,  young  zygospores  with  small, 
round  warts,  which  become  large  and  irregular  in  mature  zygo- 
spores, suspensors  subequal,  heterothallic  (single  spore  cultures 
produce  no  zygospores).     [Plate  19,  figs.  6-10.] 

This  interesting  species  was  collected  only  once,  on  dung.  The 
zygospores,  before  unknown,  were  found  in  the  original  culture 
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and  in  cultures  made  by  gross  transfers  to  bread.  In  order  to 
tieparate  this  mucor  from  other  fungi  present,  single  spore  cul- 
tures were  made  and  only  one  strain  was  isolated.  The  collection 
dates  from  the  early  part  of  the  work  (1913);  consequently  no 
effort  was  made  to  isolate  both  strains.     No.  34. 

This  mucor  exhibits  a  great  difference  in  height  according  to 
the  substratum.  A  maximum  height  of  68  mm.  was  obtained  on 
n»Iled  oats;  while  the  following  data  give  some  idea  of  the  range  of 
variation:  bread  and  cornmeal,  60  mm.;  potato  agar,  55  mm.; 
rice,  40  mm.  with  no  color  production;  bean  agar,  33  mm.  On 
grapefruit  it  does  not  exceed  3  mm.  It  was  found  to  ferment 
dextrose  and  to  oxidize  ty rosin  solution. 

2.  MrcoR  CURISTIANIENSIS  Hagem,  Ann.  Mycol.  8:  268.  /.  2-j. 

1910 

Forming  on  bread  a  loose,  smoke  gray  turf  (Ridgway),  with 
drab  tinge,  1-3.5  cm.  tall,  soon  collapsing;  sporangiophores  6-16  m 
in  diameter,  sparsely  ramified  with  a  few  long  or  short  branches 
ending  in  a  sporangium  and  with  a  septum  above  point  of  insertion 
of  branch;  sporangia  globose,  50  80/4  (extremes  43-121  /i)  in  di- 
ameter, pale  brown,  transparent  with  the  spores  showing  through; 
sporangium  wall  rupturing,  leaving  a  usually  large,  or  small  basal 
membrane:  columella  free  or  slightly  adnate,  oval  to  pyriform, 
2<>"82  X  16-62  M»  pale  brown;  spores  subglol)ose  to  sulxnal, 
6-10  X  5-8  M  or  5-9/1  in  diameter  (extremes  4-12  X  3-10  m); 
chUimydos pores  numerous  in  the  sporangiophores,  oval  or  barrel- 
shaped  when  young,  glolx)se  at  maturity,  16-23/1  in  diameter; 
zygospores  not  found  (presumably  heterothallic). 

This  species  was  collected  four  times;  twice  from  soil  in  (X)tting 
l)ench  and  bed  of  different  grei*nhousi*s,  once  on  fallen  leaf  (by 
Mr.  E.  Levin),  and  once  on  Brazil  nut.  Nos.  48,  54,  59,  and  77. 
It  is  related,  as  Hagem  (1910)  has  pointed  out,  to  Mucor  race- 
mosus  Fresen.,  but  differs  principally  in  the  fact  that  the  chlamy- 
do^pores  become  spherical  at  maturity,  while  in  M,  racemosus 
they  remain  l)arrel-shaped. 

Mucor  christianiensis  varies  but  little  in  height  on  the  different 
substrata  used:  on  rice  it  is  5-10  mm.  high;  on  bread,  4  8  mm.; 
and  on  grapefruit,  3-10  mm.  The  sjx^cies  was  found  to  ferment 
dextrose  but  did  not  oxidize  tyrosin.  Moreover,  it  d<x*s  not 
form  any  yellow  color  on  rice. 
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3.  MucoR  LAMPROSPORUS  Lendner,  Bull.  Herb.  Boissier  II.  8:  78. 
1908;  Les  Mucorin6es  de  la  Suisse,  92.     Berne,  1908 

Forming  on  bread  an  erect,  dense,  pale  smoke  gray  (Ridgway) 
turf,  1.5-3  cn^-  ta\l;  sporangiophores  10-23  /i  in  diameter,  ramifying 
with  a  few  long  branches,  or  with  very  short,  circinate  branches, 
ending  in  a  sporangium;  sporangia  globose,  terminal  62-82 /i  in 
diameter,  lateral  33-43  m  J  sporangium  watt  of  large  sporangia 
rapidly  deliquescent  (glycerine  mount  necessary'^to  obtain  sporan- 
gial  measurements),  of  small  sporangia  persistent  or  dissolving, 
leaving  a  slight  basal  membrane;  columella  globose  to  oval,  free, 
16-51  X  18-43  m;  spores  globose,  shining,  large,  8-13 /*  in  diam- 
eter; zygospores  not  found  (presumably  heterothallic). 

A  single  collection  of  this  species,  easily  recognized  by  the  large 
shining  spores,  was  obtained  from  an  oak  root,  found  by  Mr.  H. 
Andrews,  brought  into  the  Cryptogamic  Laboratory  and  placed 
in  a  moist  chamber  for  study  of  mycorhiza.  No.  35.  It  is 
interesting  to  note,  in  this  connection,  that  the  closely-related 
species  Mucor  sphaerosporus  Hagem  was  obtained  from  mycorhiza 
of  Pinus  moniana  by  Professor  Gran  in  Norway. 

On  rice  this  species  grows  25  mm.  high  and  on  grapefruit  17 
mm.     It  ferments  dextrose,  but  does  not  oxidize  tyrosin. 

4.  Mucor  abundans  sp.  nov. 

Forming  on  bread  a  dense,  erect,  smoke  gray  turf  (Ridgway), 
tinged  drab,  1.5-3.5  cm.  tall;  sporangiophores  8-23^1  in  diameter, 
at  first  simple,  later  with  one  to  three  lateral  branches  which  are 
in  turn  branched  once  or  twice  (exceptionally  five  times),  with 
branches  always  terminating  in  a  sporangium,  and  with  a  septum 
above  point  of  insertion  of  branch ;  sporangia  globose  or  subglobose, 
smooth  or  incrusted  with  very  delicate  crystals,  56-78  fi  in  di- 
ameter (extremes  39-98  ^i),  at  first  yellowish,  becoming  dark  gray 
with  a  greenish  tinge  at  maturity;  sporangium  wall  deliquescent, 
leaving  a  basal  membrane;  columella  subglobose  to  pyriform,  free 
or  slightly  adnate,  31-40  X  25-35  fi  (extremes  21-66  X  20-55  M)f 
hyaline  or  tinged  gray;  spores  variable,  globose  to  short  elliptical, 
3-5  fjL  in  diameter  or  4-5.5  X  3-45  M  (a  few  8  X  6  m);  chlamydo- 
spores  and  yellowish  globules  in  submerged  mycelium;  zygospores 
not  found  (presumably  heterothallic).     [Plate  17,  figs.  1-6.) 

This  species  was  found  to  be  very  common,  no  less  than  eleven 
collections  having  been  made  from  the  following  sources:  three 
times  from  horse  dung,  twice  from  sandy  tilled  soil,  three  times 
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from  dung  (presumably  squirrel),  once  from  decaying  tomato, 
rabbit  dung,  and  dog  dung,  respectively.  Nos.  7,  9,  14,  19,  22, 
25.  28.  31,  32,  33,  and  60.  Nos.  14  and  22  were  collected  by 
Messrs.  K.  Duncan  and  E.  B.  Mains,  respectively. 

Mucor  abundans  is  characterized  by  the  oval  to  pyriform  col- 
umella, the  variable — globose  to  short-elliptical — spores,  and  the 
color  of  the  turf  (smoke  gray  tinged  drab).  It  is  related  to  Mucor 
griseo-lilacinus,  but  differs  from  it  in  the  color  of  the  turf,  the 
oval  to  pyriform  columella,  the  variable — globose  to  short  ellip- 
tical— spores,  and  the  absence  of  the  lilac  tinge  in  the  columella 
and  hyphae.  It  is  also  related  to  M,  hiemalis  (sense  of  Hagem), 
from  which  it  differs  in  the  shape  of  the  columella  and  in  the  shape 
and  size  of  the  spores. 

Mucor  abundans  grows  40  mm.  tall  on  rolled  oats,  30  mm.  tall 
on  com  meal,  25-35  ni"^*  tall  on  rice,  with  or  without  the  forma- 
tion of  buff  to  yellow  line  around  edges  of  surface  of  rice,  and 
9-18  mm.  tall  on  grapefruit.  It  ferments  dextrose,  but  does  not 
oxidize  tyrosin. 

5.  Mucor  circinelloides  Van  Tiegh.  Ann.  S>ci.  Nat.  Bot.  VI. 

1:94.     1875 

Forming  on  bread  a  dense,  pale  smoke  gray  (Ridgway)  turf, 
I -3  cm.  tall;  sporangiophores  8-16  /i  in  diameter,  tall  and  short,  tall 
forming  a  turf  2-3  cm.  tall,  and  short  attaining  only  1-2  mm. 
in  height,  tall  sporangiophores  with  long  or  short  branches,  short 
sporangiophores  more  profusely  branched  with  short  and  often 
circinate  branches,  always  terminating  in  a  sporangium  and  with 
a  septum  above  the  point  of  insertion  of  branch;  sporangia  glolx)se, 
of  tall  sporangiophores,  50-70  M  in  diameter  (extremes  43-80/1), 
of  dwarf  sporangiophores,  14-35  m  in  diameter,  at  first  yellowish, 
tM^ctiming  brownish  gray  at  maturity;  sporangium  wall  deliquescent 
in  sporangia  borne  on  tall  sporangiophores,  rupturing  or  persistent 
in  sporangia  of  dwarf  circinate  sf)orangiophores,  leaving  a  basal 
membrane;  columella  free,  glolwse  to  oval,  31-43X31 -39  m 
(extremes  20-51  X  18-43/1),  tinged  grayish;  spores  uniform,  sub- 
glotx>8e  to  oval,  3-5  X  3- 4 /i  or  35/1  in  diameter  (^extremes  8 
X  6-8 /I  in  diameter);  chlamydos pores  and  oidia  in  and  on  sub- 
stratum, chlamydospores  20  X  12  ^i;  zygospores  not  found  {.sjHH'ies 
heterothallic). 

This  species  is  characterized  by  the  tall  and  short  {often  cir- 
cinate) sporangiophores,  the  subgl()lK)se  to  oval  columella,  and 
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the  uniform — subglobose  to  oval — spores,  measuring  3-5  X  3-4  m 
or  3~"5  M  in  diameter.  It  is  related  to  M,  griseo-cyanus  Hagem, 
from  which  it  differs  in  the  color  of  the  turf,  color  of  the  sporangia, 
and  the  spores.  It  is  also  related  to  M,  abundans  but  differs  from 
it  in  the  color  of  the  turf,  circinate  ramifications,  shape  of  colu- 
mella, and  the  spores.  In  Mucor  circinelloides  the  spores  are 
uniform,  subglobose  to  oval,  while  in  M.  abundans  they  are  vari- 
able, globose  to  short  elliptical,  also  slightly  larger. 

Mucor  circinelloides  was  collected  six  times  from  soil,  four  times 
from  tilled  soil,  once  from  greenhouse  (potting  bench),  and  once 
from  soil  in  cold  frame.     Nos.  38,  39,  42,  43,  45,  and  56. 

This  species  is  15-35  ni^i-  tall  on  rice,  without  color  produc- 
tion or  with  a  pale  pinkish  (or  ochraceous)  buff  (Ridgway)  line 
around  the  edges  of  the  top  of  the  substratum.  On  grap)efruit  it 
is  2-17  mm.  tall.  It  ferments  dextrose  but  does  not  oxidize 
tyrosin  solution. 

6.  Mucor  corticolus  Hagem,  Ann.  Mycol.  8:  277.  /.  8.     1910 

Forming  on  bread  a  dense,  pale  smoke  gray  to  smoke  gray 
(Ridgway)  turf,  0.5-2  cm.  tall;  sporangiophores  6-16  n  in  diameter, 
profusely  branched  with  long  often  ramified  branches,  terminating 
in  a  sporangium  and  with  a  septum  above  point  of  insertion  of 
branch;  sporangia  encrusted  with  delicate  crystals,  globose,  51- 
94  M  in  diameter,  dark  gray;  sporangium  wall  deliquescent,  leaving 
a  large  or  small  basal  membrane;  columellu  free  or  slightly  adnate, 
mostly  oval  (a  few  subglobose),  31-62  X  27-32  /i  (extremes  16-62 
X  14-51  m)»  tinged  gray;  spores  subglobose  to  suboval,  3.5-5 
X  3"3-5  M  or  4-5  n  in  diameter  (extremes  8X6/*  or  6-7  m  in 
diameter) ;  zygospores  not  found  (species  presumably  heterothalHc). 

A  single  isolation  of  this  species  was  obtained  from  soil  (just 
beneath  the  surface)  in  a  corn  field.  No.  57.  This  species,  which 
is  related  to  M,  silvalicus  Hagem,  is  characterized  by  the  fact 
that  the  lateral  branches  are  usually  shorter  than  the  long,  often 
bending  main  axis;  by  the  usually  oval  columella;  and  by  the  dif- 
ferent-shaped and  often  larger  spores. 

Mucor  corticolus  forms  a  drab  gray  (Ridgway)  turf,  2  cm.  tall 
on  rice  with  the  production  of  a  pinkish  buff  line  around  the  edges 
of  the  surface  of  the  rice.  It  ferments  dextrose  but  does  not 
oxidize  tyrosin. 
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7.  MccoR  PLUMBEUS  Boiiorden  (sense  of  Lendner),  Abh.  Naturf. 
Ges.  Halle  8:  109.  pi.  i,f.  20.     1864 

Forming  on  bread  a  dense,  fuscous  (Ridgway)  turf,  o.i-i  cm. 
tall;  sporangiophores  10-16  /i  in  diameter,  profusely  branched  with 
branches  ending  in  a  sporangium  and  with  a  septum  above  point  of 
insertion  of  branch,  also  septate  at  irregular  intervals  in  the 
sfxjrangiophores;  sporangia  glol)ose,  6a-8o  m  in  diameter  (extremes 
35"* > 7  m)»  brownish  black,  encrusted  with  crystals  or  smooth; 
sporangium  wall  deliquescent,  leaving  a  basal  membrane;  columella 
free,  oval,  pyriform,  elongated,  or  conical,  smooth  or  furnished  with 
one  to  twelve  spines  at  the  apex,  30-60  X  16-32  ^  (extremes  16- 
74  X  12-59/1),  dark  brown;  spores  globose,  6-9/1  in  diameter 
(extremes  5-13/1)*  also  a  few  elliptical  and  irregular-shaped  spores, 
23  X  18,  16  X  12  /I,  dark  brown,  punctate;  zygospores  not  found 
(sf>ecie8  heterothallic). 

This  species  was  obtained  four  times:  twice  as  contamination 
in  cultures;  from  Sphagnum  with  germinating  seeds;  and  from  a 
dei-ayed  Brazil  nut.  Nos.  47,  51,  61,  and  78.  The  s|K*cies  is  quite 
variable,  cis  a  comparison  of  the  descriptions  given  by  Fischer  and 
Ix'ndner  will  show.  Mort*over,  there  are  transitional  forms  l)e- 
tween  it  and  the  closely  related  species,  M,  spinescens  Lendner. 
(>n  potato  agar,  rolled  oats,  and  bread,  A/,  plumbeus  reaches  a 
height  of  10  mm.,  on  rice,  7-8  mm.,  on  commeal,  5  mm.  and  on 
grapefruit,  4-5  mm.  There  is  no  color  pr(xiuction  on  rice.  It 
ferments  dextrose  and  oxidizes  tyrosin,  but  more  slowly  than 
M.  coprophilus  and  M,  griseosporus, 

8.  MicoR  SPHAEROSPDRI'S  Hagem,  Vid.-Selsk.  Skr.  M.-N.  Kl. 
Christiania  1907^  22,  f,  4,     1908 

Forming  on  bread  a  dense,  2  mm.  high,  and  a  sparse*,  1  cm. 
high,  hair  brown  (Ridgway)  turf;  sporangiophores  6  18/1  in  di- 
ameter, typically  branched,  with  one  long  branch  (in  turn  pro- 
fusely ramified),  or  several  short,  simple  branches,  in  either  ca^c 
with  branches  terminating  in  a  sporangium  and  with  a  septum 
above  the  point  of  insertion  of  a  branch ;  sporangia  glol)ose,  78  86  /i 
in  diameter  (extremes  5c>--98/i),  with  spores  shining  through, 
brown;  sporangium  wall  deliquescent,  leaving  a  basal  membranit; 
columella  free  or  slightly  adnate,  subglolK)se  to  pyriform,  39  59 
X  35-47 /I  (extremes  23-70  X  21  59 /i),  tingtxl  brown;  spores 
uniformly  globose,  5-8  /i  in  diameter  (extremes  4  10  /i),  yellowish; 
chlamydospores  in  sporangiophores,  globular,  with  central  oil 
globule;  zygospores  not  found  (presumably  heterothallic). 
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This  species  was  obtained  twice,  from  decayed  leaf  and  as  a 
contamination  in  a  culture.  Both  of  these  the  writer  received 
from  Mr.  E.  Levin.  Nos.  49  and  50.  It  belongs  to  the  M,  race- 
mosus  group  of  mucors  but  can  readily  be  distinguished  from  the 
above-mentioned  species  by  the  color  of  the  turf,  which  is  nearest 
to  that  of  M.  plumbeus,  although  it  is  slightly  lighter.  The  branch- 
ing in  M,  sphaerosporus  is  much  more  profuse  than  in  M,  race- 
mosus;  and  while  the  spores  are  very  similar  in  the  two  species, 
the  chlamydospores  are  different.  In  M,  sphaerosporus  they  are 
globular  and  have  a  central  oil  globule. 

This  species  forms  a  hair  brown  (Ridgway)  turf,  1-2  cm.  tall 
on  rice,  without  any  yellowish  coloration  near  surface  of  sub- 
stratum; on  grapefruit  a  7-8  mm.  tall,  gray  turf  is  produced. 
Dextrose  is  fermented  but  tyrosin  is  not  oxidized  by  this  species. 

9.  Mucor  aromaticus  sp.  nov. 

Forming  on  bread  a  loose,  yellow  ochre  to  ochraceous  orange 
(Ridgway)  turf,  2-3  cm.  tall;  sporangiophores  20-50  m  in  diameter, 
typically  unbranched  or  with  one  to  three  lateral  branches  always 
terminating  in  a  sporangium;  sporangia  globose,  100-160 /x  in 
diameter,  encrusted  with  small  crystals,  more  or  less  transparent, 
showing  the  spores  within;  sporangium  wall  deliquescent,  without 
or  with  basal  membrane;  columella  free,  subglobose  to  oval,  ap- 
proaching pyriform,  51-121  X  43-105  m»  with  or  without  proto- 
plasmic contents,  hyaline;  spores  uniform  elliptical,  18-20  X  10  ft 
(extremes  15-35  X  7-14  m).  a  few  Qval,  also  approaching  spherical; 
culture  strongly  aromatic,  with  odor  somewhat  like  camphor  and 
celluloid;  zygospores  not  found  (species  presumably  heterothallic). 
[Plate  17,  figs.  7-1  i.] 

This  species  is  characterized  by  its  ochraceous  color  and  its 
odor.  Its  origin  was  dung  (squirrel?),  and  the  writer  is  indebted 
to  Professor  J.  B.  Pollock,  who  collected  it.     No.  24. 

Mucor  aromaticus  varies  with  the  substratum  as  may  be  seen 
from  the  following  data.  On  potato  agar  it  grows  32  mm.  tall; 
on  bean  agar,  20  mm. ;  on  apple  agar,  1 1  mm. ;  on  rolled  oats,  30 
mm.;  on  cornmeal,  20  mm.;  on  starch  paste,  20  mm.;  and  on  rice, 
20-30  mm.  (often  coloring  the  whole  substratum  yellow).  It 
ferments  dextrose  (slight  amount  of  alcohol  found  on  second  dis- 
tillation), but  does  not  oxidize  tyrosin.  Cultures  on  the  following 
substrata  were  strongly  aromatic:  rolled   oats,  cornmeal,   beef 
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gelatin,  potato  agar,  dextrin  gelatin,  and  rice.    On  starch  paste 
and  apple  agar,  however,  the  odor  was  slight. 

to.  Mucor  griseosporus  sp.  nov. 

Forming  on  bread  a  loose,  erect,  light  grayish  olive  (Ridgway) 
turf,  tinged  brown,  3-4  cm.  tall;  sporangiophores  with  brownish 
membrane,  20-70  m  in  diameter,  typically  unbranched,  or  with 
one  or  two  short  lateral  branches  terminating  in  small  sporangia, 
Ijecoming  septate  in  old  cultures;  sporangia  globose,  terminal  244- 
302  II  in  diameter,  encrusted  with  crystals,  lateral  up  to  98  /i  in 
diameter,  at  first  yellowish  becoming  dark  gray  at  maturity; 
sporangium  wall  deliquescent  (except  in  small  sporangia)  leaving  a 
basal  membrane;  columella  free,  pyriform,  pyriform  broadened  at 
the  \KL»e,  or  panduriform,  115-242  X  88-165  m  usually  with 
yellowish  to  pale  orange  contents;  spores  uniform,  elliptical  8  12 
X  5  ^  M  (extremes  8-15  X  5-8  m).  clear  gray,  in  mass  almost 
black,  agglutinate;  zygospores  not  found  (presumably  heterothallic). 
(Plate  18.  figs.  1-5.] 

This  species  is  characterized  by  its  simple  or  slightly  branched, 
septate*  sporangiophores;  its  pyriform  columella;  and  gray,  uni- 
formly elliptical  spores.  It  is  related  to  M.  piriformis  Fischer, 
but  differs  from  it  in  the  fact  that  the  lateral  branches  terminate 
in  sporangia;  in  having  septate  sporangiophores;  basal  membrane 
present;  and  slightly  larger,  and  clear  gray  spores.  Collected  a 
single  time  on  dung.     No.  26. 

3/.  griseosporus  grows  as  follows:  on  rolled  oats,  70  mm.  tall; 
on  potato  agar  and  cornmeal,  65  mm.  tall;  on  starch  paste  and 
rice,  50  mm.;  on  bread  and  apple  a^ar,  40  mm.;  on  bt^an  agar, 
27  mm.;  and  on  grapefruit,  21  mm.  On  rice  there  is  no  color 
pnxluction.  It  ferments  dextrose  to  a  slight  extent,  and  oxidizes 
ty  rosin. 

1 1 .  Mucor  coprophiius  sp.  nov. 

Forming  on  bread  a  loose,  light  grayish  olive  (RidgN^ay)  turf, 
2-2.5  OT^'  ^^"*»  sporangiophores  brown,  27-46  /i  in  diameter,  rami- 
fying with  long  branches,  or  shorter,  simple  or  ramified,  more 
slender  branches  (terminating  in  small  often  deciduous  s(K)ranKia 
20-62  M  in  diameter,  with  rupturing  membrane);  sporangia  (large 
terminal)  globose,  encrustcxi  with  crystals.  185-235  /x  in  diameter, 
whitish  at  first,  becoming  almost  black  at  maturity;  sporangium 
u<aU  readily  deliquescent  (except  in  the  case  of  sporangia  on  dwarf 
sporangiophores),  leaving  a  small  basal  membrane;  columella  free, 
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cylindrical  to  pyriform,  110-160  X  70-113  /*,  brownish,  sometimes 
with  orange  contents;  spores  narrowly  elliptical  in  larger  sporangia, 
13-16  X  5-6  M,  broadly  elliptical  in  smaller  sporangia, 9-12  X  7~8m. 
grayish;  chlamydospores  rarely  in  sporangiophores ;  zygospores  not 
found  (presumably  heterothallic).     [Plate  19,  figs.  1-5.] 

This  species  is  characterized  by  its  varied  habit  of  branching; 
its  small,  lateral,  often  deciduous  sporangia,  recalling  Mucor  lam- 
prosporus;  its  cylindrical  to  pyriform  columella;  and  its  variable 
spores,  narrowly  elliptical  and  broadly  elliptical  in  the  larger  and 
smaller  sporangia  respectively.  It  is  related  to  Mucor  griseosporus, 
from  which  it  differs  in  its  slightly  lighter  colored  and  shorter  turf; 
more  slender  and  more  profusely  branched  sporangiophores; 
cylindrical  to  pyriform  columella;  and  its  variable  (broadly  to 
narrowly  elliptical),  larger,  non-agglutinate  spores.  A  single 
collection  was  obtained  of  this  characteristic  species  from  rabbit 
dung.  No.  73.  Ellis  &  Everhart's  North  American  Fungi  q^2  is 
certainly  not  Mucor  Mucedo  (sporangia  and  spores  too  large),  and 
probably  ought  to  be  referred  to  Af.  coprophilus. 

This  species  forms  a  30  mm.  tall,  Saccardo*s  olive  (Ridg^^ay) 
turf  on  rice  and  a  25  mm.  tall,  brownish  gray  turf  on  grapefruit. 
It  produces  no  color  on  rice  but  oxidizes  tyrosin  and  ferments 
dextrose  to  a  slight  extent. 

12.  Mucor  varians  sp.  nov. 

Forming  on  bread  a  dense,  ivory  yellow  to  olive  buff  (Ridgway) 
turf,  1-3.5  ^^'  i3\\\  sporangiophores  8-20  n  in  diameter,  either  little 
or  profusely  branched,  much  coiled,  twisted  or  intertwined, 
forming  a  dense,  tough,  cottony  turf,  with  proliferations  of 
hyphae  and  columellae  often  present;  sporangia  globose  or  sub- 
globose,  smooth,  60-80  M  in  diameter  (extremes  43-116  m)>  at 
first  yellowish  or  pale  orange,  becoming  very  dark  gray,  tinged 
green,  at  maturity;  sporangium  wall  deliquescent,  leaving  a  basal 
membrane;  columella  free  or  slightly  adnate,  very  variable  in 
shape,  subglobose,  hemispherical,  flattened  hemispherical,  oval, 
cylindrical,  elliptical,  pyriform,  panduriform,  cylindro-conical, 
subconical  and  conical,  large  columellae  hemispherical  to  conical, 
small  columellae  cylindrical  to  pyriform  and  panduriform,  25-50 
X  20-45  M  (extremes  18-70  X  12-59^1),  membrane  tinged  gray, 
with  or  without  orange  contents;  spores  not  uniform,  oval  to  sub- 
elliptical  (few  spherical),  4-6  X  3-4  M  (extremes  4-14  X  3-8  m). 
4-8  n  in  diameter,  bizarre  spores  not  rare,  reniform,  cruciform. 
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etc.:  zygospores  not  found  (presumably  heterothalHc).    (Plate  20, 

FIGS.  1-6.] 

This  species  was  isolated  from  soil  (in  hardwoods  and  tilled) 
four  times;  also  from  stable  bedding  and  manure;  from  the  stem 
of  a  decaying  apple;  and  from  Calvatia  sp.  (the  last-mentioned 
collected  by  Dr.  E.  B.  Mains).     Nos.  18,  21,  29,  36.  37,  46,  and  58. 

Mucor  varians  is  characterized  by  the  color  of  its  turf,  chamois 
to  deep  olive  buff  (Ridgway)  in  dried  herbarium  specimens;  by 
the  extremely  variable  shape  of  the  columella;  by  its  dissimilar 
spores;  and  by  its  habit  of  growth,  i.  e.,  the  peculiar  intertwining, 
coiling,  and  proliferation  of  the  hyphae.  This  species  resembles 
Mucor  Jansseni  Lend,  in  the  shape  of  the  columella. 

Mucor  varians  forms  a  light  grayish  olive  to  cartridge  buff 
(Ridgway)  turf,  25-30  mm.  tall  on  rice,  sometimes  with  the 
yellowish  line  at  the  edge  of  the  surface  of  the  medium.  On 
grapefruit  a  gray  or  yellowish  gray  turf  is  formed,  8-15  mm.  tall 
(sometimes  with  a  bright  orange  line  around  the  edge  of  the  surface 
of  the  medium).     It  ferments  dextrose  but  does  not  oxidize  tyrosin. 

13.  Mucor  saturninxs  Hagem,  Ann.  Mycol.  8:265./.  /.     1910 

Forming  on  bread  a  loose,  gull  gray  (Ridgway)  turf,  2-2.5  cm* 
tall;  sporangiophores  of  two  kinds,  tall  and  short,  the  former 
composing  the  turf,  the  latter  forming  patches  of  dark  gray  felt 
(less  than  1  mm.  thick)  on  the  substratum,  tall  sporangiophores 
12-35  II  in  diameter,  typically  unbranched  (sometimes  with  a  single 
short  branch  ending  in  a  sporangium),  short  sporangiophores 
simple  or  branched;  sporangia  globose.  57-156/1  in  diameter,  at 
first  >'ellowish,  becoming  almost  black  at  maturity,  finely  incrusted 
with  crystals;  sporangium  wall  dark  gray,  deliquescent  (in  spo- 
rangia of  tall  sporangiophores),  rupturing  (or  persistent  in  spo- 
rangia of  short  sporangiophores),  leaving  a  large  or  small  basal 
membrane;  columella  free,  tinged  grayish,  oval  to  pyriform, 
34-107  X  39~8om»  with  or  without  pale  orange  contents;  spores 
uniformly  oval,  variable  in  size,  6  8  X  4-6  ^  (extremes  4-12 
X  3-7  m)»  pale  gray  in  mass;  zygospores  not  found  (presumably 
heterothalHc). 

This  species  was  found  on  horse  dung  and  on  decaying  CoU 
lybia  dryophila  Bull.     Nos.  10  and  68. 

Mucor  satuminus  is  characterize<l  by  the  varying  height  of  the 
sporangiophores,  by  the  shape  of  the  columella,  and  by  the  uni- 
formly ov'al  spores.     The  color  of  the  turf  is  also  characteristic. 
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This  species  forms  a  14-20  mm.  tall,  gray  turf  on  grapefruit 
and  on  rice  a  10-20  mm.  tall,  pale  smoke  gray  to  smoke  gray 
(Ridgway)  turf.  It  ferments  dextrose  but  does  not  oxidize 
tyrosin. 

14.  MucoR  HiEMALis  Wehmer,  Ann.  Mycol.  i:  37./.  /-p.     1903 

Forming  on  bread  a  dense,  grayish  white  (Ridgway)  turf 
tinged  tilleul  buff,  1-3  cm.  tall;  sporangiophores  16-20 /*  in  di- 
ameter, at  first  simple  or,  more  often,  once  or  twice  (exceptionally 
up  to  six  times)  branched,  with  a  septum  immediately  above 
point  of  insertion  of  branches,  all  of  which  terminate  in  a  sporan- 
gium; sporangia  globose,  60-75  M  in  diameter  (extremes  30-100  /i)f 
at  first  yellowish  becoming  dark  gray  with  a  greenish  tinge  at 
maturity;  sporangium  wall  deliquescent,  leaving  a  basal  mem- 
brane; columella  free,  globose  to  subglobose,  30-50 /*  in  diameter 
(extremes  20-55 /*),  hyaline;  spores  variable  in  shape  and  size, 
subfusiform,  subreniform,  narrowly  oval,  subelliptical,  4-8 
X  2-4  fi  (a  few  8-9  X  4-6  m).  hyaline;  zygospores  not  found  (species 
heterothallic).     [Plate  20,  figs.  7-10.] 

This  species  was  isolated  from  various  types  of  soil,  from 
several  kinds  of  dung,  and  from  decaying  mushroom.  Nos.  4,  5, 
6,  13,  72,  and  74. 

This  agrees  with  Wehmer's  description  in  general  although  the 
sporangia  and  columella  are  slightly  larger,  and  branching  is 
frequent.  Both  of  these  differences  may  be  due  to  the  influence  of 
the  substratum,  as  Wehmer  has  pointed  out  the  variability  of  this 
species.  The  spores  are  characteristically  variable,  reniform 
being  a  common  shape. 

Mucor  hiemalis  exhibits  the  following  cultural  characteristics : 
on  rice  it  forms  a  slightly  yellowish,  gray  turf,  10-25  mm.  tall 
(with  a  pinkish  buff  to  orange  buff  line  at  margin  of  the  upper 
surface  of  the  substratum) ;  on  rolled  oats  the  height  is  42-45  mm. ; 
on  cornmeal,  25-35  mm.;  on  starch  paste,  20-25  mm.;  and  on 
grapefruit,  10-19  ^^-  Dextrose  is  fermented  to  some  extent  but 
tyrosin  is  not  oxidized.  In  the  maltose-peptone-tyrosin  solution 
an  apricot  yellow  (Ridgway)  submerged  mycelium  is  formed. 

15.  Mucor  griseo-cyanus  Hagem,  Vid.-Selsk.  Skr.  M.-N. 
Kl.  Christiania  1907^:  28./.  p.     1908 

Forming  on  bread  a  dense,  mouse  gray  to  light  mouse  gray 
(Ridgway)    turf,    0.5-1.5    cm.    tall;    sporangiophores    8-18^1    in 
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diameter,  tall  and  short,  tall  forming  the  turf,  and  short  remaining 
only  1-2  mm.  in  height,  tall  sporangiophorts  with  long  (more  or 
leae)  straight  branches,  short  sporangiophorts  with  short  (sp>orangia 
sometimes  appearing  almost  sessile),  usually  circinate  branches, 
always  with  septum  immediately  above  point  of  insertion  of 
branch ;  j^orangia  globose,  60-80  m  in  diameter  (extremes  39-98  >i), 
encrusted  with  tiny  crystals,  at  first  pale  yellowish,  becoming 
deep  bluish  gray  at  maturity;  sporangium  wall  deliquescent  (in 
sporangia  of  tall  sporangiophores),  rupturing  (or  persistent  in 
sporangia  of  short  s|x>rangiophores),  leaving  a  large  or  small  basal 
membrane;  columella  globose  to  oboval,  free  or  slightly  adnate, 
33-39  X  31-33  M  (extremes  20-58  X  17-47M);  spores  uniformly 
oval,  gray  in  mass,  5-6  X  4-5  m  (a  few  8X5/1);  chlamydos pores 
forming  creamy  patches  (sometimes  to  the  exclusion  of  sporangio- 
phore  production)  on  surface  of  substratum,  globose,  oval  to 
ventricose  fusiform,  terminal  or  intercalary,  singly  or  in  bead- 
like chains,  16  m  in  diameter  or  20  X  10-12  m;  zygospores  not  found 
(spcdes  presumably  heterothallic). 

This  species  was  collected  twice:  once,  by  the  writer,  on  dung 
(squirrel?),  and  once  on  old  bones  in  the  Zoological  Laboratory  of 
the  University  of  Michigan  by  Miss  C.  Reeves.     Nos.  12  and  30- 

Mucor  griseo<yanus  forms  a  gray  turf  15-20  mm.  tall  on  rice 
and  a  10-12  mm.  gray  turf  on  grapefruit.  It  has  the  ability  to 
ferment  dextrose  but  caii  not  oxidize  ty^rosin. 

16.  Mucor  griseo-lilacinus  sp.  nov. 

Forming  on  bread  a  dense,  mouse  gray  (Ridgway)  turf  lx?coming 
in  age  tinged  with  drab,  1-1.5  cm.  tall;  sporangiophores  8-20 m  in 
diameter,  at  first  simple,  later  with  one  or  two  lateral  branches 
which  are  in  turn  ramified  once  to  three  times  (exceptionally 
eleven  times)  with  branches  always  terminating  in  a  sporangium, 
and  with  a  septum  above  point  of  insertion  of  branch;  sporangia 
globose  or  subglobose,  6a-8o  m  in  diameter  (extremes  40-100/1), 
at  first  yellowish,  becoming  dark  gray  with  greenish  tinge  at 
mAixxtity;  sporangium  wall  deliquescent,  leaving  a  basal  membrane; 
columella  free  or  slightly  adnate,  glolx>se  to  subglol)ose,  27-43  /i 
in  diameter  (extremes  12-67  /*),  tinged  lilac  gray;  spores  uniform, 
oval,  4-6  X  3-4  M  (a  few  large,  8X6,  10  X  5/*),  pale  gray  in 
mass;  cklamydos pores  and  oidia  present  in  hyphae,  chlamydospores 
globular  to  barrel-shaped,  10-30 /i  in  diameter;  hyphae  (esF)ecially 
those  near  the  substratum)  with  a  lilac  tinged  membrane  and 
often  with  orange  yellow  contents;  zygospores  not  found  (species 
presumably  heterothallic).     [EYate  18,  figs.  6- 10. 1 
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This  mucor  was  obtained  from  the  following  sources:  stem  of 
decayed  grape,  decaying  pine  needle,  Psalliota  campestris  (L.)  Fr., 
sheep,  rodent,  and  horse  dung.     Nos.  i,  3,  ii,  15,  16,  20,  and  23. 

The  species  is  characterized  by  its  uniform,  oval  spores,  its 
globose  to  subglobose,  slightly  adnate,  columella  and  the  lilac 
tint  in  the  columellae  and  hyphae.  This  color  is  sometimes  darker 
(pale  purplish)  in  the  hyphae  near  the  substratum. 

Mticor  griseo-lilacinus  forms  a  drab  gray  to  light  drab  (Ridg- 
way)  turf,  10-20  mm.  tall  on  rice  and  an  8-19  mm.  gray  turf  on 
grapefruit.  It  ferments  dextrose  but  does  not  oxidize  tyrosin. 
The  cultures  on  rice  exhibit  a  pinkish  buff  line  (Ridgway)  around  the 
margins  of  the  upper  surface  of  the  medium. 

17.  Mucor  Ramannianus  Moeller,  Zeitschr.  Forst-  u.  Jagdw.  35: 

330.     1903 

Forming  on  bread  a  dense  purplish  vinaceous  to  livid  brown 
(Ridgway)  turf,  1-2  mm.  tall;  sporangiophores  2-6 /*  in  diameter, 
simple  or  with  one  branch,  septate;  sporangia  globose,  20-35  M  in 
diameter  (extremes  40^1),  red;  sporangium  wall  deliquescent; 
columella  free,  globose,  4-10  m  in  diameter;  spores  minute,  globose, 
subangular,  tinged  pink,  2-7,11  in  diameter;  zygospores  not  found 
(species  presumably  heterothallic). 

This  species  was  isolated  from  soil  in  coniferous  woods  and 
from  decayed  carrot.  Nos.  2  and  62.  Lendner  says,  '*the 
coloration  of  the  sporangia  is  probably  due  to  interstitial  sub- 
stance,** but  examination  of  the  spores  with  oil  immersion  has 
shown  them  to  be  distinctly  tinged  with  pink. 

Mucor  Ramannianus  varies  but  little.  On  bread  and  rice  the 
height  is  2  mm.,  but  on  grapefruit  it  does  not  exceed  0.5  mm.  The 
color  on  rice  is  pale  to  light  brownish  vinaceous  (Ridgway)  while 
on  grapefruit  it  is  much  brighter,  light  Corinthian  red  (Ridgway). 
This  is  the  only  species  tested  which  did  not  ferment  dextrose. 
Nor  does  it  oxidize  tyrosin. 

18.  Mucor  spinescens  Lendner,  Bull.  Herb.  Boissier  II.  8:  79. 

1908;  Les  Mucorin^es  de  la  Suisse,  89.     Berne,  1908 

Forming  on  bread  a  dense,  fuscous  (Ridgway)  turf,  1-3  mm. 
tall;  sporangiophores  8-12 /*  in  diameter,  simple  or  branched; 
sporangia  globose,  74-98  m    in    diameter  (a  few  50 /i).  brownish 
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black,  not  transparent,  encrusted  with  crystals  about  2 /i  long; 
sporangium  wall  deliquescent,  leaving  a  large  or  small  basal 
membrane;  columella  free,  oval,  pyriform,  conical,  or  elongated, 
mostly  oval  apiculate,  usually  with  one  to  five  spines  (exception- 
ally up  to  twelve)  at  the  apex,  although  sometimes  smooth,  21-43 
X  14-25/1.  brown;  spores  globose  (a  few  irregular),  5-8  m  (a  few 
4  m)  in  diameter,  dark  brown;  zygospores  not  found  (species  pre- 
sumably heterothallic). 

This  species  was  collected  twice:  from  soil  in  greenhouse,  and 
on  decayed  Brazil  nut.  Nos.  44  and  75.  It  is  closely  related  to 
Mucor  plumbeus,  but  differs  in  its  habit  of  growth  {M. 
plumbeus  is  I  cm.  tall),  smaller  sporangia,  larger  and  smooth 
spores. 

Mucor  spinescens  has  never  been  found  to  exceed  8  mm.  on 
any  medium  on  which  it  has  been  grown  and  usually  it  is  but  from 
2-5  mm.  tall.  On  levulose  and  on  dextrin  gelatin  it  forms  a  dark 
brrm'nish  gray  turf  8  mm.  tall.  On  rice  the  turf  is  chaetura  black 
(Ridgway)  and  only  3  mm.  tall,  while  on  grapefruit  the  turf  is 
4  mm.  tall  and  fuscous  (Ridgway).  Fermentati(m  of  dextrose 
was  obtained  and  the  species  is  capable  of  slowly  oxidizing 
tyrofiin. 

VI.  DISCISSION 
I.  Tests  FOR  zv<i<)spoRES 
With  the  single  exception  of  Mucor  proliferus,  zygospores  were 
not  found  in  any  cultures  of  the  heterothallic  sfH*cies  studied. 
This  is  acxx)unted  for  by  the  fact  that  single  sjiore  cultures  formed 
the  starting  point  for  the  study  of  every  numbt*r  isolated.  Con- 
sequently it  was  deemed  necess<iry  to  test  the  various  collections 
of  the  same  and  of  closely  related  species  for  zygos[K)re  prcxluction. 
In  a  preliminary  set  glucose  gelatin  was  ust^d,  hut  in  the  final 
ex|>eriments  Blakeslee's  agar,  the  formula  of  which  has  In^en  given, 
was  used.  Petri  dishes  were  in(K*ulatt*<l  with  four  numlxTs  of 
mucors  and  the  cultures  were  examined  when  growth  had  resulted 
in  a  contact  of  the  hyphae  of  all  the  four  numln^rs.  With  the 
exception  of  Mucor  spinescens,  M.  sphaerosporus,  and  Nos.  9  and 
32  (Af.  abundans),  all  of  the  sjx*cies  colkvted  were  tested.  In  all 
about  one  hundred  fifty  diflferent  pairs  of  combinations  were  ust»<l, 
but  the  results  proved  negative  in  every  case. 
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2.  Taxonomic  characters 

As  has  already  been  stated  in  the  taxonomic  division  of  the 
work,  the  author  has  disregarded  some  of  the  usage  of  past  writers 
in  the  compilation  of  his  key  and  specific  descriptions.  This  has 
been  done  only  after  careful  consideration  and  the  subsequent 
belief  that,  by  so  doing,  matters  might  be  simplified  and  put  on  a 
surer  basis  than  heretofore.  Fischer  (1892)  regarded  the  grouping 
of  the  genus  Mucor  into  sections  according  to  branching  **nur  als 
eine  provisorische  Zusammenstellung."  Yet  Lendner  (1908), 
Hagem  (1908),  and  Jensen  (1912)  use  the  same  method  of  separa- 
tion, and  as  a  result  we  find  that  there  is  considerable  confusion 
and  disagreement.  To  show  this  more  clearly  let  us  consider  a  few 
cases.  Mucor  strictus  Hagem  was  placed  by  its  author  with  the 
unbranched  forms,  but  Lendner  considers  that  it  belongs  in  the 
CymO'Mucor  group  and  places  it  accordingly.  Mucor  sphcLero- 
sporus  Hagem  and  M.  griseo-cyanus  Hagem,  although  classed  by 
Hagem  in  the  Racemo-Mucor  group,  are  transferred  to  the  cymose 
group  by  Lendner.  Mucor  hiemalis  Wehmer,  which  Hagem  calls 
a  RacemO'Mucor,  is  held  by  Lendner  to  belong  to  the  unbranched 
forms.  Mucor  silvaticus  Hagem,  placed  in  the  Cymo-Mucor 
group  by  its  author,  is  transferred  to  the  Racemo-Mucor  group  by 
Lendner.  Thus  it  appears,  not  only  that  the  terms  racemose  and 
cymose,  as  applied  to  the  branching  in  this  genus,  are  interpreted 
by  different  authors  in  various  ways  but  also  that  authors  are 
disagreed  as  to  whether  forms  are  to  be  considered  as  simple  or 
branched. 

It  has  been  the  writer's  experience  that  a  mucor  which  never 
possesses  a  branched  sporangiophore  is  a  rare  occurrence;  for  a 
careful  search  of  the  culture  will  usually  reveal  some  branches 
which  are  likely  to  be  overlooked,  since  they  are  near  the  sub- 
stratum. Lendner  (1908,  p.  55)  points  out  this  difficulty.  Prac- 
tically it  amounts  to  the  necessity  of  deciding  whether  or  not 
branching,  if  found,  is  abnormal.  The  writer  believes  this  to  be 
too  difficult,  as  his  work  on  the  group  has  proved.  Thus  this 
means  of  separation  has  been  avoided  in  the  key  and  descriptions 
which  this  work  contains.  ^ 

Lendner-il. c.)  descrihe^thQ  Racemo-Mucor  group  AS  follows:  **The 
filament  is  early  terminated  by  a  sporangium,  then  branches  arise 
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along  the  principal  sporangiophore  and  never  surpass  it.  This 
group  comprises  the  species  usually  little  branched/*  The 
Cymo-Mucor  group  is  defined  by  him  thus:  ** There  is  formed  below 
the  terminal  sporangium  a  second  branch  surpassing  the  first, 
then  on  this  second  there  arises  a  third  which  surpasses  the 
second.  The  insertion  of  the  ramifications  is  usually  alternating; 
as  a  result  there  is  produced  a  very  characteristic  zig-zag  ap- 
pearance.*' Hagem  gives  no  explanation  of  his  use  of  these  terms, 
but  it  appears  from  his  figures  and  descriptions  that  in  some  cases 
he  departs  from  the  usage  of  past  writers.  For  example,  he 
classifies  Mucor  sphaerosporus  and  Af .  griseo-cyanus  as  racemosely 
branched,  although  his  figures  show  that  Lendner  follows  past 
usage  in  referring  them  to  the  cymose  group  of  Mucor,  Thus  we 
have  confusion  arising  from  opposing  conceptions  of  terms.  It 
will  be  necessary  to  consider  the  terms  applied  to  branching. 

According  to  Sachs  (1874).  De  Bary  (1887),  Schneider  (1905), 
and  Strasburger  (191 2)  the  two  kinds  of  branching  are  monopodial 
and  dichotomous;  Jost  (1907),  on  the  contrary,  uses  the  terms 
lateral  branching  and  dichotomy.  As  we  are  not  concerned  with 
the  latter  we  shall  consider  only  the  monopodium. 

In  the  monopodium  there  is  present  a  central  axis  with  a  grow- 
ing point  at  its  apex  containing  the  apical  cell.  Branching  in  the 
monopodium,  unlike  the  process  in  the  dichotomy  where  a  division 
of  the  apical  cell  results  in  a  forking  of  the  main  axis,  takes  place 
by  the  development  of  axillary  buds  situated  near  or  at  some  dis- 
tance from  the  growing  point  of  the  stem.  These  lateral  branches 
develop  by  the  growth  of  apical  cells.  When  the  lateral  branches 
remain  shorter  than  the  persistent  main  axis  a  racemose  type  of 
branching  is  evident.  When,  on  the  contrary,  one  or  more  lateral 
branches  exceed  the  main  axis,  sometimes  even  assuming  a 
central  position,  a  cymose  system  of  branching  results.  See  Sachs 
(1H74,  p.  183).     This  applies  in  general  to  the  higher  plants. 

According  to  Brefeld  (1872),  the  germination  of  a  spore  of 
Mucor  Mucedo,  which  may  Ix?  regarded  as  typical  for  the  genus, 
takes  place  in  the  following  manner:  the  spore  swells  and  there  are 
produce<i  one  or  several  germ  tulK»s  which  grow  very  rapidly  and 
MK>n  begin  to  branch  in  all  direction:^  so  that  an  irregularly 
much -branched  Jt  hall  us  is  pnxluced.     It  should  l)e  noted  that  there 
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is  no  differentiation  of  the  plant  body  into  a  specialized  apical 
cell,  such  as  is  found  in  the  higher  plants.  There  may  be,  how- 
ever, a  correlation  between  the  relatively  simple  plant  body  and 
the  lack  of  a  fixed  branching  system. 

The  vegetative  condition  may  continue  for  a  brief  period  or 
indefinitely,  depending  upon  experimental  conditions.  Under 
usual  laboratory  conditions  the  vegetative  period  is  short  (twenty- 
four  to  thirty-six  hours),  and  sporangiophores  are  produced  as 
perpendicular  branches  arising  from  the  thallus.  In  some  sf)ecies 
the  growth  of  the  sporangiophore  stops  with  the  formation  of  the 
apical  sporangium;  in  other  species,  after  the  formation  of  a 
terminal  sporangium,  growth  starts  again,  with  the  production  of 
a  lateral  branch  from  some  part  of  the  sporangiophore,  and  con- 
tinues until  a  sporangium  is  formed  at  the  tip  of  this  branch.  On 
one  hypha  or  branch  the  same  process  may  be  again  repeated. 
(De  Bary,  1887,  p.  46.) 

This  account  of  the  development  of  the  sporangiophore  ap- 
parently does  not  harmonize  with  De  Bary's  (1887)  statement 
that  '*both  growth  and  branching  follow  the  laws  which  prevail 
generally  in  the  vegetable  kingdom.*'  For  it  may  be  said  that  a 
comparison  of  the  development  of  branching  systems  in  the  higher 
plants  with  those  in  the  genus  Mucor  shows  little  similarity 
between  them.  Although,  perhaps,  the  stems  and  inflorescences 
of  the  higher  plants  may  be  analogous  to  the  sporangiophores 
and  sporaijgia  of  Mucor,  it  can  scarcely  be  maintained  that  there 
exists  a  homology  between  them.  It  appears  then  advisable  not 
to  apply  the  terms  used  to  describe  the  branching  of  the  higher 
plants  to  the  sporangiophores  of  Mucor,  Even  if  the  writer's 
views  on  this  matter  can  not  be  accepted,  the  impracticability  of 
using  the  terms  is  sufficient  reason  for  discarding  them. 

The  characters  which  experience  has  proven  reliable  for  specific 
determination  are  as  follows:  turf,  columella,  spores,  sporangium, 
sporangium  waH,  and  chlamydospores.  These  are  given  in  the 
relative  order  of  their  importance.  The  height,  color,  and  nature 
of  the  turf  must  be  considered.  Inasmuch  as  the  term  turf  in- 
cludes only  the  atrial  part  of  the  plant,  the  height  of  the  turf  \s 
the  length  of  the  sporangiophores,  and  is  expressed  either  in  inilli- 
mcter9  or  in  centimeters.     Contrary  to  current  opinion,  there  iS 
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rather  a  wide  range  of  color  in  the  genus  Mucor,  varying  from 
(palest  gray  (almost  white),  through  yellow  and  red  to  dark  gray, 
brown,  or  black.  Ridgway  (1912)  has  been  used  as  a  color  stand- 
ard throughout  the  work.  The  nature  of  the  turf  is  either  loose, 
in  which  case  it  usually  collapses  with  age,  or  compact,  when  it 
remains  erect  even  on  the  drying  out  of  the  culture. 

The  relation  of  the  sporangium  wall  to  the  columella,  as  well 
as  the  shape  and  size  of  the  latter,  is  important.  The  word 
"free"  has  been  used  to  designate  the  condition  in  which  the 
sporangium  wall  is  separate  from  the  columella  and  is  attached  to 
the  sporangiophore  at  the  base  of  the  columella;  whereas  the  term 
"adnate**  has  been  used  in  cases  where  the  sporangium  wall  is 
adherent  to  the  columella  at  its  broadened  base.  (Cf.  **nicht 
aufsitzend**  or  **libre"  and  **aufsitzend"  or  "susjacente.")  In 
some  species,  especially  those  having  globose  or  oval  columellae, 
the  shape  is  constant;  in  others  a  wide  variation  in  shape  and  size 
of  columellaeis  found.  When  the  latter  is  true,  the  small  columellae 
are  mostly  uniformly  globose  or  oval;  the  large  columellae,  on  the 
contrary',  exhibit  a  strong  tendency  to  a  diflferent  shape.  Thus 
in  the  descriptions  when  the  shape  of  the  columella  is  given  as 
"oval  to  pyriform"  it  is  to  he  understood  that  the  larger  colu- 
mellae are  mostly  pyriform.  In  a  few  species,  for  example  Mucor 
varians,  the  columellae  are  extremely  variable  and  run  the  gamut 
of  all  the  shapes. 

In  a  consideration  of  the  spores  the  shape  and  size  must  l)e 
noticed,  and  we  find  the  spores  either  uniform  or  variable.  If 
uniform,  the  shape  may  be  globose,  oval,  elliptical,  etc.;  if  variable, 
some  combination  of  the  al)A'e-mentioned  shapes  together  with 
irregular  spores,  subreniform,  subfusiform,  etc. 

Within  certain  limits  the  size  of  the  sfK)rangium  is  de[H*ndable, 
i.  e..  the  sporangia  may  l>e  large  (200-500  fi  in  diameter)  or  small 
( not  exceeding  100  fi  in  diameter  and  usually  60-  80  p).  The  wall 
of  the  sporangium  is  also  important,  iKMng  either  deliquescent. 
rupturing,  or  persistent. 

A  certain  group  of  species  of  Mucor  ran  Ik*  s<*parated  Ijom  the 
rest  by  the  fact  that  chlamydospores  are  present  in  the  sjwrangio- 
photes.  Mucor  racemosus  an4  Af.  ephasrosporus  ux)uld  be  in- 
cluded in  sik4)  a  separation  of  species. 
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As  has  already  been  stated,  sixty-six  collections  of  the  genus 
Mucor  were  made.  These  were  studied  carefully  from  uniform 
bread  cultures  made  in  the  previously  described  manner,  and  from 
the  data  obtained  they  were  tabulated  according  to  their  specific 
individuality.  In  this  preliminary  arrangement  twenty-six  dif- 
ferent groups  were  obtained,  which,  by  careful  comparison,  were 
reduced  to  twenty-four  groups.  Nine  of  these  aggregates  were, 
after  a  careful  study,  referred  to  four  species,  three  of  which  were 
undescribed.  Thus  the  sixty-six  collections  of  Mucor  were  dis. 
tributed  through  eighteen  species. 

In  Table  I  two  species,  Glomerula  repens  and  Zygorhynchus 
Vuilleminiy  have  been  excluded  from  Mucor,  although  Lendner 
includes  both  Zygorhynchus  and  Glomerula  in  that  genus.  He  ex- 
amined specimens  of  the  former  only.  A  study  of  Glomerula 
repens,  from  two  separate  collections,  has  convinced  the  writer 
that  this  species  can  not  be  placed  under  the  genus  Mucor  be- 
cause the  hyphae  may  serve  as  stolons.  For  example,  if  the 
tip  of  a  hypha  touches  the  wall  of  the  culture  container,  a 
cluster  of  rhizoid-like  hyphae  is  formed,  and  often  from  this 
cluster  sporangiophores  are  developed.  Moreover,  the  general 
habit  of  growth  is  unlike  that  of  the  species  of  Mucor.  An  in- 
crease in  lack  of  sporangia  production  often  results  in  a  cottony, 
dense,  sterile  mass  of  buff  mycelium.  Zygorhynchus,  on  account 
of  its  unequal  suspensors,  not  to  mention  its  very  slight  production 
of  sporangia  and  abundant  zygospore  formation,  should,  in  the 
writer's  opinion,  be  kept  as  a  separate  genus. 

3.  Experimental 

The  experiments,  in  so  far  as  their  original  purpose  is  concerned 
proved  almost  entirely  negative.  It  was  thought  that  striking 
cultural  results  might  be  obtained  from  the  experiments  which 
might  form  the  basis  for  a  physiological  separation  of  species. 
Little  of  this  kind  was  observed.  On  the  contrary,  the  experi- 
ments showed  that  the  genus  Mucor  is  composed  of  a  physio- 
logically close  group  of  species,  exhibiting  only  minute  cultural 
variations.  Sometimes  these  differences  were  correlated  with 
species,  but  sometimes  •  they  occurred  sporadically.  A  concrete 
example  of  this  latter  phenomenon  was  the  prod-uction  of  a  yellow 
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ct>lor  in  or  on  the  substratum.  This  was  obtained  on  bread,  on 
rice,  and  in  maltose-peptone-tyrosin  solution.  It  probably  rep- 
resents the  storing  up  of  excess  food  material,  as  a  microscopic 
examination  showed  the  color  to  be  due  to  yellow  globules  in  the 
hyphae;  moreover,  this  color  production  occurred  only  in  cultures 
with  abundant  food  supply. 

The  results  of  the  experiments  with  carbohydrates  plus  as- 
f>aragin,  on  the  one  hand,  and  mineral  salts  (including  ammonium 
nitrate),  on  the  other,  which  show  that  the  mucors  grow  much 
l)etter  in  the  first  case  than  in  the  second,  may,  it  is  believed,  offer 
aome  indication  as  to  the  reason  why  complex  media  (rolled  oats, 
bread,  rice,  commeal,  etc.)  are  better  than  simpler  media. 

Fermentation  is,  apparently,  a  more  widespread  process  in 
this  genus  than  has  hitherto  been  supposed,  knowledge  of  the 
forms  which  can  produce  this  phenomenon  being  limited  to  some 
twenty  species.  Wehmer  (1907)  has  given  a  clear  and  concise 
summary  of  the  work  published  on  the  subject.  The  writer's 
results,  positive  except  in  one  case,  have  added  twelve  species  to 
the  list. 

Hagem  (1910)  found  that  tyrosin  was  oxidized  by  several 
species  of  Mucor  and  Rhizopus,  with  the  production  of  a  red  or 
reddish  brown  solution.  He  thinks  that  this  change  is  brought 
alx)ut  by  the  enzyme  tyrosinase.  In  the  cases  of  Mucor  sirictus, 
A/,  siivaiicus,  M,  plumbeus  the  color  was  pale  red,  in  M,  racemosus 
and  M.  ckristianiensis,  dingy  brownish  red,  but  in  Rhizopus 
nif^ricans  and  R.  nodosus  the  solution  was  dark  red.  The  writer's 
experiments  showed  that  the  solution  was  colored  dark  reddish 
bn>wn.  with  the  formation  of  a  dark  brown  precipitate,  by  Mucor 
f^riseosporus  and  Af.  coprophilus.  In  the  case  of  Mucor  proliferus, 
M.  spinescens,  and  M.  plumbeus  the  solution  was  pale  brown  and 
a  bniwnish  black  precipitate  was  observed.  With  Glomerula 
repens  a  brownish  tinj^e  to  the  solution  was  obtained,  while  the 
aerialgrowth  was  distinctive  in  that  it  was  pinkish  buff  (Ridgway). 

The  objection  might  Ix?  raised  that  bread  is  a  variable  substance 
and  therefore  is  unsuitable  for  a  standard  culture  medium.  A 
cfimparison  of  cultural  results  obtained,  during  the  past  three 
years,  with  bread  obtained  from  different  sources  has  proven  this 
objection    negligible.     The   bread   use<l    is   the  ordinary   Iniker's 
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white  bread,  such  as  is  readily  obtainable  at  any  grocery  store.  It 
is  thought  that  the  use  of  bread  is  simpler  than  employing  such 
complex  media  as  Lendner's  **mout  gelatinise." 

VII.    SUMMARY 

1.  From  over  one  hundred  collections,  thirty-seven  species 
representing  fourteen  genera  of  the  Mucorales  have  been  obtained. 

2.  After  having  tried  various  substances,  bread  was  adopted 
as  a  standard  culture  medium  for  taxonomic  purposes. 

3.  The  carbohydrates  with  regard  to  their  availability  as  a 
source  of  food  supply  for  the  mucors,  as  exhibited  by  their  growth, 
may  be  arranged  as  follows,  the  best  being  given  first:  levulose, 
dextrin,  glucose,  lactose,  maltose,  inulin,  and  saccharose. 

4.  Organic  nitrogen  compounds  are  better  than  ammonium 
nitrate. 

5.  Seventeen  species  of  Mucor  were  found  capable  of  fermenting 
dextrose-peptone  solution. 

6.  Mucor  griseosporus  and  Mucor  coprophilus  can  oxidize 
tyrosin  in  a  maltose-tyrosin-peptone  solution,  with  the  production 
of  a  red  coloration  of  the  solution  and  the  formation  of  a  dark 
brownish  black  precipitate. 

7.  The  terms  racemose  and  cymose  should  not  be  employed 
to  describe  branching  in  this  group,  because  of  the  confusion  which 
has  arisen  through  their  use,  not  to  mention  the  lack  of  homology 
between  a  sporangiophore  and  a  branch  of  one  of  the  higher  plants. 

8.  Sixty-six  collections  of  the  genus  Mucor  have  been  studied 
in  great  detail  under  uniform  conditions  in  standard  bread  cul- 
tures, and  they  have  been  referred  to  nineteen  species,  six  of  which 
are  new:  Mucor  griseo-lilacinus^  M.  varians^  M,  coprophilusy 
M.  aromaticus,  M,  griseosporus,  and  Af.  abundans. 

Cryptogamic  Laboratory, 
University  of  Michigan 
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BxpUuuitlott  of  plates  17- JO 

Plate  17 

Um<a^  s^mdatu  Povah.  i.  Sporangiophore«  showing  various  kinds  of  branching, 
*■'•  ut  QAturaJ  sije.  2.  Upprr  portion  of  sporangiophore  showing  branch  detail, 
■  jv>  y  i^rwtr  portion  of  sporangiophore.  X170.  4-  Columellac,  X350.  5- 
*«»«  'r«.  X  350.     6.  Chlamydospores  from  within  substratum.  X75. 

Um<ur  mrotmmiuus  Povah.  7.  Columcllae.  X170.  8.  Swollen  branched  apex  of 
•(•■ranci'.pbore.  X7S.  9.  Almost  mature  sporangium.  X170.  xo.  Spores.  X170. 
I :    sp(  raagKiphores  about  three  fourths  natural  size. 

Platb  x8 
Umiar   fftstosporus   Povah.     x.  Sporangiophores  about  one  half  natural  size. 
J    P<.ctino  (rf    sporangiophore  showing    detail   of   branching,    Xx70.      3.  Lateral 
•;»raAgiuni.  X75-     4-  ColumeUae,  XX70.     5.  Spores,  X350. 

Maw^r  ^tm>4ilacimus  Povah.  6.  Sporangiophores,  X  3.  7.  Portion  of  spor- 
&*4->pbnr«  showing  insertion  of  branch.  X170.  8.  Apex  of  sporangiophore. 
■  i:u     9.  ColumeUae.  XX70.     xo.  Spores,  X350. 

PuiT«  19 

Muior  topropkilus  Povah.  x.  Sporangiophore,  about  one  half  natural  size. 
I  ( '•lumrlUe,  X170.  3.  Lateral  deciduous  sporangium,  X350.  4.  Spores  from 
•^^:i  latrral  sporangia.  X350.     5.  Spores  from  large  terminal  sporangia.  X350. 

Uminr  proiiffTus  Schostak.  6.  7.  Formation  of  gametes.  X75.  8.  Union  of 
SAtr^u-^  X75.     9.  Immature  zygospore.  X75.     10.  Mature  zygospore.  X170. 

PuiTE  ao 

Umnw  w^risns  Povah.  x.  Sporangiophores.  X2.  2.  Columellae.  X350.  3. 
"^.•rr*.  X)fo  4.  Apex  of  sporangiophore.  X75.  5.  Proliferation  of  sporangio- 
;'.  r^.   X7V     6-  Proliferation  of  columella.  X75. 

Umum  kUmalis  Wchmer.  7.  Sporangiophores.  X  2.  8.  Portion  of  sporanKio- 
;*.  Tr  «ith  tiranch  insertion.    X350.     9.  Columcllae,    X350.     10.  Spores.  X350. 
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Some  noteworthy  lichens  from  Jamaica 

Lincoln  W.  Riddle 
(WITH  PLATE  21) 

In  the  spring  of  1912,  Dr.  Joseph  A.  Cushman,  Assistant 
<*urat*»r  of  the  Boston  Society  of  Natural  History,  collected  in 
thf  It^lanr]  of  Jamaica,  in  the  West  Indies,  a  set  of  lichens  repre- 
*«r.tin((  109  species  and  varieties.  A  study  of  these  has  resulted 
:n  the  diMovery  of  two  new  sjK*cies  and  of  a  numl)er  of  other 
*j*-i  «T»  of  sufficient  interest  to  be  worthy  of  record.  To  the  dis- 
«  u^^ion  of  these  species  has  been  added  a  revision  of  the  American 
*^ir<  ii*^  of  Megalospora,  four  of  which  occur  in  Jamaica.  A  com- 
\A<  tc  M*t  of  the  lichens  collected  by  Dr.  Cushman  has  been  de- 
(»-^itc*<i  in  the  herl)arium  of  the  Boston  Society  of  Natural  History. 

NEW  SPFX  lES 

1    Bodlk  rinodinospora  Riddle,  sp.  nov. 

Thallus  epiphkxfodes  crustaceus  uniformis  efTusus  haud 
1  n-.iTJtUfk,  albidus  vel  cinerascenti-rdbidus  subnitidus,  crassitudine 
nurtVuKx'xs,  inaequalis  partim  rimulosus  partim  rimoso-areolatus 
ft  <lrmum  diffractus;  KOH  flavesrens;  hyjK)thallo  nullo.  Apo- 
f^ftia  medicx^ria.  0.5-1.0  mm.  lata,  sulK*levata,  nitida,  primum 
•  *-n<ava  demum  plana  vel  satis  convcxa,  rotunda  rt^^ularia;  dis<o 
•«  -ilm>,  nudo.  ca^taneo  vel  fus^'o-nigricante  nunquam  atro;  margine 
j»rt»f>ri*i  niKro,  persistente,  primum  crasso  inttijro  demum  tenue 
■  rrnulatri:  epithecio  fulvo;  hymenio  derolore,  circ.  180 /i  altit.; 
#-%j  ifwlo  ct  hypothecio  fuMo-niKncante.  As<*i  8-six)ri.  SiK)rae 
!u«r-ac    oblongae     ftat     curxatae,     biUxni  lares     plar(KJiomorphae, 

•Tbe  Bt  ILETIM  for  June  (44:  J67   3^'>.  P^    n  J^*)  ^^*  ih-^u**!  June  ij.  iyi7  1 
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loculis  poro  confluentibus,  36-50  X  15-20 /i.    [Plate  21,  figs,  i, 

4-] 

On  bark,  Newcastle,  Jamaica,  March    1912,  /.  A,  Cushman 

155- 

This  species  is  distinct  from  all  other  BueUias  in  the  large  size 
and  polar-bilocular  character  of  the  spores.  Wainio  (Act.  Soc. 
Sci.  Fenn.  7:  172.  1890)  describes  a  Buellia  placodiomorpha 
with  a  similar  type  of  spore  but  with  four  cells  and  reaching  a  size 
of  only  19  X  10 /I.  From  species  of  Rinodina,  this  new  species 
can  be  distinguished  by  the  apothecia  being  of  the  lecideine  type 
rather  than  the  lecanorine. 

2.  Chiodecton  (Sect.  Enterographa)  leiostictum  Riddle,  sp.  nov. 

Thallus  crustaceus  crebre  contextus  uniformis  efTusus,  linea 
nigra  limitatus,  albidus  vel  demum  sat  sordide  ochroleucus  opacus, 
crassus  (0.15-0.2  mm.  crassit.)  rimuloso-areolatus;  KOH  intense 
flavescens  dein  rubescens ;  hypothallo  nuUo.  Apothecia  numerosis- 
sima,  thallo  immersa,  punctiformes  rotundata  vel  siibdifTormia 
haud  elongata,  minuta,  0.12-0.16  mm.  lata,  seriata  uniserialia 
vel  interdum  serie  ramosa  disposita  serialibus  rectis  vel  flexuosis, 
aut  rarius  partim  irregulariter  aggregata;  disco  atro  parum  pnii- 
noso  dein  nudo,  piano,  superficiem  thallo  aequante;  margine  dis- 
tincto  nullo;  epithecio  fuligineo-nigro;  amphithecio  supra  fuligineo- 
nigro  infra  decolore;  hypothecio  decolbre;  hymenio  decolore,  100- 
120 /I  altit.  Asci  8-spori.  Sporae  decolores  anguste  oblongae, 
5-8  loculares  loculis  cylindricis  vel  satis  rotundatis,  20-30  X  4-6  fi, 
halonae  4-5  m  crasso  indutae.     [Plate  21,  figs,  3,  5.] 

On  old  decorticated  wood,  Montego  Bay,  Jamaica,  March  1912, 
/.  A,  Cushman  75. 

In  1886  (Flora  69:  104),  Nylander  published  a  list  of  the 
Graphidaceae  collected  by  Charles  Wright  in  Cuba.  The  list 
included  many  new  species  which  were  given  merely  as  nomina 
nuda.  For  most  of  these  no  descriptions  were  ever  published. 
The  species  just  described  was  named  by  Nylander  {Ix.)  Stig- 
matidium  leiostictum.  Through  the  courtesy  of  Professor  Farlow, 
I  have  been  able  to  make  a  microscopic  examination  of  original 
material  of  Wright's  Graphideae  Cubanae  No.  157,  cited  by 
Nylander,  and  it  has  proved  to  be  identical  with  the  specimens 
collected  by  Dr.  Cushman  in  Jamaica.  Species  of  Chiodecton 
Sect.  Enterographa  with  spores  more  than  four-celled  are  corn- 
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paratively  few  in  number,  and  among  these  Ch.  Uiosiictufn  is 
distinct  in  the  serial  arrangement  of  the  punctiform  apothecia. 

NOTEWORTHY  SPECIES  NOT  PREVIOULSY  RECORDED 
FROM   JAMAICA 

1.  AXTHRACOTHECIUM     OCHRACEO-FLAVUM      (Nyl.)     Muell.     Arg. 

IJnnaea  43:  44.     1880. 

Verrucaria  ochraceo-flava  Nyl.  Expos.  Pyren.  50.     1858. 
On  hark.  Montego  Bay,  /.  A,  Cushtnan  122,     Known  else- 
where fn>m  Cuba,  Mexico,  Colombia,  and  the  East  Indies. 

2,  Hei'FLERIA  sepulta  (Mont.)  Trevis.  Flora  44:  23.     1861. 
Astroikflium   sefmltum  Mont.  Ann.  Sci.  Nat.  Bot.  II.  19:  74. 

i'*4.V 

On  l>ark,  Mandeville,  /.  A.  Cushman  152.  Known  elsewhere 
fnim  Cul>a,  Guiana,  Brazil,  and  Peru. 

5,  Lai'rera    c;igantospora    (Muell.    Arg.)    Zahlbr.;    Engler   & 

Prantl.  Nat.  Pflanzenfam.  T*:  71.     1903. 

Baikeiium  gigantosporum  Muell.  Arg.  Bot.  Jahrb.  6: 394.     1885. 

On  l>ark,  Mandeville,  /.  A,  Cushman  44.  Known  previously 
fnjm  the  original  collection  only,  made  by  Charles  Wright  in  Cuba; 
\nit  cUiMrly  related  and  perhaps  not  specifically  distinct  from 
Laartn  mtgUfmBum  (Mont.)  Riddle,  comb.  nov.  {Trypeihe- 
iium  nugaspermum  Mont.  Ann.  Sci.  Nat.  Bot.  II.  19:  68.  1843), 
which  is  knciwn  from  Cuba,  Guiana,  and  Brazil. 

4.  (itAPHiSA  CHRYsocARPA   (Raddi)   Muell.  Arg.   Flora  63:  41. 

iHKt). 

Opeftapha  chrysocarpa  Raddi,  Atti  Soc.  Ital.  Sci.  38:  34.     1820. 

ih\  t^ark.  Mandeville,  /.  A,  Cushman  4^.     A  striking  sjKJcies 

kn*nrn  el!rfn%'here  from  Porto  Rico,  Costa  Rica,  Colombia,  and 

5   itRAPHlNA  platy<;rapta  MucII.  Arg.  Flora  71:  4()5.     18HH. 

(>n  l>ark,  Mandeville,  /.  A.  Cushman  §4-  This  sjx*cies  was 
ta%ed  f*n  material  collected  by  Sintcnis  in  Porto  Rico,  and  hitherto 
lu»  lieen  known  from  the  original  collection  only.  Owing  to  the 
•  at,  I  ha\'e  been  unable  to  s<*e  the  t\  jk*.  but  the  sfXHies  has  such 
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distinctive  characters,  and  Mueller- Argau's  description  applies 
so  well  to  Dr.  Cushman's  specimens,  that  there  can  be  no  doubt 
as  to  the  identity  of  the  two.  G.  platygrapta  belongs  to  the 
section  Platygraphopsis  (see  Plate  21,  figs.  2,  6).  The  original 
description  gave  the  spore-measurements  as  150  X  30  m-  I  find 
that  they  vary  from  150-180  X  30-50  m-  An  examination  of 
Wright's  Graphideae  Cubanae  No.  4,  labelled  with  a  manuscript 
name  of  Nylander's  in  the  Tuckerman  Herbarium,  proves  that 
it  is  the  same  as  Dr.  Cushman's  Jamaica  specimens.  This  species 
is,  therefore,  now  known  from  Cuba,  Jamaica,  and  Porto  Rico. 

6.  Phaeographina  quassiaecola  (F6e)  Muell.  Arg.  Mem.  Soc. 
Phys.  Hist.  Nat.  Geneve  29^:  47.     1887. 

Thecaria  quassiaecola  F6e,  Essai  Crypt.  97,  pi,  i,  f,  16,     1824. 

This  is  a  striking  and  peculiar  species  in  which  the  prominent 
apothecia  vary  from  elongated-lirelliform  to  oblong  and  even 
entirely  circular.  Occasional  specimens  occur  with  all  the  apo- 
thecia circular,  and  such  specimens  would  easily  be  mistaken  for  a 
Gyrostomum.  Mueller-Argau  says  {op.  cit.  48)  that  F6e's  citation 
of  the  type-locality  as  '* America"  must  have  been  a  mistake  as  the 
original  specimen  in  F6e*s  herbarium  came  from  Madagascar. 
And  hitherto  the  species  has  been  recorded  from  the  Old  World 
only:  from  tropical  Africa,  Ceylon,  New  Caledonia,  and  Australia. 
But  it  appears  to  be  sufficiently  common  in  Jamaica,  as  I  have  in 
my  herbarium  the  following  specimens  from  that  island: — Mande- 
ville,  March,  1912,  /.  A.  Cushman  52;  also  January,  1909,  A,  E. 
Wight  66;  near  Troy,  September,  1906,  Elizabeth  G.  Britton  & 
Delia  W,  Marble  265;  also  June,  1909.  A,  E,  Wight  J40a,  202,  208. 
Furthermore,  the  specimen  of  Wright's  Graphideae  Cubanae  No, 

7,  in  the  Tuckerman  Herbarium,  proves  to  be  this  species,  having 
been  incorrectly  determined  as  *'Graphis  scalpturata  var.  plurifera 
Nyl.*'  which  is  a  synonym  of  Phaeographina  caesiopruinosa  {¥ke) 
Muell.  Arg.  Both  Ph,  scalpturata  and  Ph.  caesiopruinosa  belong  to 
the  Section  Eleutheroloma,  in  which  the  amphithecium  is  black  at 
the  sides  only  and  colorless  beneath ;  while  P.  quassiaecola  belongs 
to  the  Section  Pachyloma^  in  which  the  amphithecium  is  completely 
black  and  very  thick  at  the  base.  With  the  correct  identification 
of  this  Cuban  specimen,  we  have  three  stations  for  the  species  in 
the  West  Indies. 
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7.  LfcCANACTis  PREMNEA  var.  plurilocularis  (Nyl.)  Riddle,  comb, 
nov. 

Lecidea  plurilocularis  Nyl.  Ann.  5>ci.  Nat.  Bot.  IV.  15:  49.    1861. 

On  l>ark,  Montego  Bay,  /.  A.  Cushman  67.  Known  elsewhere 
fnmi  Cuba,  Colombia,  Peru,  New  Caledonia,  the  East  Indies,  and 
India. 

8.  OcenalAiiA  chionostoma  (Nyl.)  Riddle,  comb.  nov. 

Tkelotrrtna  chionostoma  Nyl.  Ann.  Sci.  Nat.  IV.  19: 329.     1863. 

()n  l>ark,  Montego  Bay,  /.  A,  Cushman  Jo6,  Known  pre- 
vi<»us.ly  from  the  original  collection  only,  made  by  Charles  Wright 
in  rul>a. 

9.  Phakotrema  platycarfoides  (Tuck.)  Muell.  Arg.  Flora  69: 
311.     1886. 

Thelotrema  pUiiycarpoides  Tuck.  Proc.  Am.  Acad.  Arts  Sci.  6: 
2JU.     1864. 

(.)n  l>ark,  Montego  Bay,  /.  A.  Cushman  80,  Known  previously 
from  the  original  collection  only,  made  by  Charles  Wright  in  Cuba. 

10.  LofMuUmn  cattaneum  (Mey.  &  Flot.)  Riddle,  comb.  nov. 
Letanora  subfusca   var.   castanea   Mey.  &   Flot.    Nova   Acta 

A*a*l,  Cae^.  Leop.  Carol.  19  (suppl.  l):  224.     1843. 

()n  l>ark,  Newcastle.  /.  A.  Cushman  2Q,  Known  elsewhere 
only  from  Brazil. 

11.  pKRTisARiA  VERRfcosA  (F6t»)  Mont.  Ann.  Sci.  Nat.  11.  19: 
7«.     1H43. 

Trypfthtlium  verrucosum  F^,  Essai  Crypt.  66.pl.  18,  f,j.    1 824. 

()n  J>ark,  Newcastle,  /.  A.  Cushman  26,  and  Mandeville, 
/.  A,  Cushman  ^o.  Known  elsewhere  from  Guadeloupe  and 
Guiana. 

12.  Ramalin'a  PERUVIANA  Ach.  Lich.  Univ.  599.     1810. 

Thi»  i»pt*t'ies  seems  to  be  common  in  Jamaica.  I  have  the 
(oibming  specimens  in  my  herbarium:  Mandeville,  A.  E.  Wiaht 
V5.  c^;  Ektabetk  G.  BriUon  437;  J,  A.  Cushman  47;  (\ita(!uf)a. 
J.  A  Cushman  14.  I  have  compare<l  one  of  the  sjKcimens  col- 
Icrtwl  by  Wight  with  the  tyf)e-specimens  of  Acharius  in  the  Bo- 
tAJiical  Museum  at  Helsingfors.  Finland,  and  the  dctcTmination  is 
crrtain.     Known  elsewhere  from  Porto  Rico  and  Peni. 
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MEGALOSPORA 

In  an  enumeration  of  Jamaica  lichens  in  May,  1912, 1  described 
in  Mycologia  (4:  129)  two  new  species  of  Megalospora:  M,  Cum- 
mingsiae  and  M,  jamaicensis.  The  following  autumn,  I  had  an 
opportunity  to  study  all  of  the  material  of  this  genus,  including  a 
number  of  authentic  specimens  in  the  collection  of  Mueller-Argau, 
at  the  Boissier  Herbarium,  Chamb^sy,  Switzeriand.  This  led  me 
to  a  detailed  study  of  the  principal  species  and  as  four  of  these 
occur  in  Jamaica  it  will  not  be  out  of  place  to  present,  herewith, 
the  results  of  this  study.  Two  of  the  species  are  variable  but 
with  well-marked  varieties,  which  have  been  recognized  by 
various  authors  and  are  certainly  worthy  of  varietal  names. 

The  genus  Megalospora  was  established  by  Meyen  and  Flotow 
in  1843  (Nov.  Act.  Acad.  Caes.  Leop.  Carol.  19  [suppl.  i]:  228), 
with  M,  sulphurate  as  the  type-species.  The  species  were  included 
under  Lecidea  by  Nylander;  under  Patellaria  by  Mueller-Argau; 
and  under  Heterothecium  Sect.  Psorothecium  by  Tuckerman.  But 
in  accordance  with  current  ideas  of  the  value  of  spore-characters 
in  the  classification  of  crustose  lichens,  Zahlbruckner  (in  Engler- 
Prantl,  Nat.  Pflanzenfam.  I^*:  134.  1905)  has  revived  Megalo- 
spora as  a  distinct  genus,  distinguished  from  the  other  Lecideaceae 
by  the  thick-walled,  two-celled  spores  of  large  size.  The  common- 
est species  is  the  variable  M,  versicolor  (F6e)  Zahlbr.,  of  which 
many  of  the  other  proposed  ** species"  are  synonyms  or  varieties. 

The  following  key  and  citations  of  species  and  synonymy  will 
serve  to  summarize  the  results  of  my  study  of  the  American 
species  and  varieties  of  Megalospora. 

A.  Growing  on  evergreen  leaves 5.  Af .  premneeUa 

AA.  Growing  on  the  bark  of  trees. 

B.  Spores  straight  (Plate  21,  figs.  9,  10). 

C.  Thallus  more  or  less  straw-colored,  apothecia  with  fulvous  disk  and 

straw-colored  margin i.  M.  sulpkureorufa 

CC.  Thallus  ashy  or  whitish,  apothecia  variously  colored,  but  the  margin 

never  straw-colored (a,  M.  vttsicolor), 

D.  Margin  white  or  pallid,  contrasting  with  the  fulvous,  aeruginous. 

or  black  disk ih.  M.  versicolor  var.  livido-cincta 

DD.  Margin  concolorous  with  the  disk  or  nearly  so,' at  least  not  pallid. 

E.  Apothecia  variously  colored:  carneous.  fulvous,  aeruginous. 

or  black,  regular  in  form,  and  rarely  over  1.5  mm.  diam. 

2a.  M.  versicolor  var.  dickroma 
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EE.  Apoibeda  blmck  and  difform.  remching  3  mm.  diam. 

le.  M.  versicolor  var.  m^jor 
BB.  Spom  curved. 

C  ThaJItu  tmooih  or  franular.  but  not  sorediate;  spores  50-65  X  a8~35M. 
rmUorm.  tbe  individual  celU  little  longer  than  wide  (Plate  ai.  w\Q, 
7.) 

(3.  M,  sulphmrala) 
D.  Thallus  smooth  or  nearly  so.  apothecia  1.5-3  mm.  diam. 

E.  Apotbecia  bay-brown  to  dark  chestnut-brown,  blackening 

only  when  old 30.  M.  sulpkuraia  var.  gtnuina 

EE.  Apothecia  always  black. . .  .36.  M.  sulpkuraia  var.  nigricans 
DD.  Thallus  granular-uneven,  apothecia  3-6  mm.  diam..  blackening. 

3c.  M.  sulpkuraia  var.  megacarpa 

rc    Thallus  verrucofte.  granulate,  and  powdery-sored iate;  spores  70-125 

X  to- so  II,  the  individual  cells  about  twice  as  long  as  wide  (Plats 

J I .  ric.  8) 4.  if.  Cummingsia4 

t.  Megilospora  tulphtireonifa  (Nyl.)  Riddle,  comb.  nov. 

Lnanora  sulphureorufa  (Nyl.  Bull.  Soc.  Linn.  Norm.  II.  3:  69. 
iv>*l. 

Meialospora  jamaicensis  Riddle,  Mycologia  4:  129.     191 2. 

Jamaka:  Newcastle,  /.  A.  Cushman  24;  without  definite 
twality,  Clara  E.  Cummings  Jj8,  142. 

At  the  time  that  M.jamauensis  was  published,  I  was  sure  that 
there  was  no  American  species  to  which  the  specimens  so  named 
<tnx\A  l>e  ashi^ed.  But  while  working  at  the  Boissier  Herbarium, 
I  Unind  an  authentic  specimen  of  the  plant  called  Lecanora  sul- 
pkureorufa  Nyl.,  based  on  three  collections  from  two  islands, 
Nrw  Cale<lonia  and  Lifu,  situated  between  the  Fiji  Islands  and 
Australia.  This  proved  to  be  identical  with  my  material  from 
Jamaica.  This  is  a  remarkable  distribution,  and  as  the  species  is 
a  cim«kpinjous  one,  it  seems  extraordinar}'  that  it  should  never  have 
t*m  collected  in  South  America,  if  it  occurs  there. 

J.  Mk<.aU)spora  versicolor  (F^*e)  Zahlbr.;  Engler  &  Prantl. 

Nat.  Pflanzenfam.  T*:  134.     1905. 

Letanora  vtrsicolor  F^,  Essai  Cryptog.  115.  pL  28,  f.  4,     1824. 

Thin  hpecies  occurs  in  three  varieties  worthy  of  receiving 
name^,  as  follows : — 

20.  UEdAUtsponA  VERSK  oU)R  var.  dichroma  (F6e)  Riddle,  comb. 
nr>v. 
Leddea  duhroma  F6e,   Bull.   Soc.   Bot.   Fr.   30:  319.     1873. 
Arairding  to  an  authentic  s^xnimen  in  the  Boissier  Herl)arium! 
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Lecidea  incondita  Krempelh.  Flora  59:  316.  1876.  This  was 
based  on  the  same  collection  from  Brazil  {Glaziou  552c)  as  Fte's 
species. 

Lecidea  versicolor  wax,  vigilans  Nyl.  Act.  Soc.  Sci.  Fenn.  7:  461. 
1 863  (in  greater  part) .  Not  Lecanora  vigilans  Taylor,  London  Jour. 
Bot.  6:  159.  1847!  The  type  of  Taylor's  species  is  in  the  her- 
barium of  the  Boston  Society  of  Natural  History.  There  are 
two  specimens,  one  from  Mauritius  and  the  other  from  Peru.  But 
they  represent  two  different  species,  and  as  the  Mauritius  speci- 
men, which  is  cited  first  in  Taylor's  original  description  and 
should,  therefore,  be  considered  the  actual  type,  is  a  species  of 
Bombyliospora,  the  name  vigilans  Taylor  can  not  be  used  in  con- 
nection with  Megalospora  versicolor,  even  though  the  sF)ecimen 
from  Peru  belongs  to  that  species.  As  the  name  vigilans  has  been 
used  as  a  varietal  name  for  both  Megalospora  versicolor  and  M. 
sulphurata,  and  is  actually  a  Bombyliospora,  it  will  make  for  clear- 
ness to  drop  it  altogether. 

According  to  F^e*s  original  description  of  Lecanora  versicolor^ 
the  var.  dichroma  corresponds  to  the  typical  form  of  the  species, 
with  the  apothecia  characteristically  variable  in  color;  but  there 
is  a  tendency  toward  darkening,  and  the  specimens  having  all 
the  apothecia  entirely  black,  but  still  small  and  regular,  as  is 
frequently  the  case,  are  to  be  considered  merely  as  mature  plants 
of  this  variety. 

Jamaica:  without  definite  locality,  Clara  E,  Cummings  151, 
I53i  also  in  Merrill's  Lich.  Exsic.  No.  230. 

Specimens  examined  from  Cuba,  Porto  Rico,  Mexico,  Costa 
Rica,  Colombia,  Venezuela,  and  Brazil  (spec,  authent.!);  recorded 
also  from  Australasia  and  from  Africa. 

2h,  Megalospora  versicolor  var.  livido-cincta  (Muell.  Arg.) 
Riddle,  comb.  nov. 

Patellaria  livido-cincta  Muell.  Arg.  Flora  64:  227.     1881. 

Patellaria  versicolor  var.  livido-cincta  Muell.  Arg.  Bull.  Soc. 
Roy.  Bot.  Belgique  32:  141.     1894. 

Specimens  examined  from  Mexico,  Costa  Rica,  and  Brazil 
(type!). 
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2c.  Me(;alospora  versicolor  var.  major  (Wainio)  Riddle,  comb, 
nov. 
Lecidea  versicolor  var.  major  Wainio,  Act.  See.  Sci.  Fenn.  7*: 
36.     189D.     Authentic  specimen  examined  from  Brazil! 

3.  Me(;alo$pora  scLPHrRATA  Mey.  &  Flot.  Nov.  Act.  Acad. 
C'aes.  Leop.  Carol.  19  (suppl.  i):  228.     1843. 

The  species  is  represented  in  America  by  three  varieties,  as 
follows: — 

3fl.  Mk(;au)SP(>ra  sixphcrata  var.  genuina  Riddle,  nom.  nov. 

Paiellaria  sulphuraia  var.  vif^ns  Muell.  \v%.  Flora  69:  2H8. 
1886.  Not  Lecanora  vigilans  Taylor  (compare  discussion  given 
above  under  M.  versicolor  var.  dichroma). 

Apothecia  primum  pallida  vel  rufescentia  vel  tandem  Aut>* 
nigrescentia. 

Aa-onJing  to  an  authentic  specimen  in  the  Boissier  Herbarium, 
these  are  the  characters  of  the  original  type-form  of  Meyen  and 
Flotow. 

Jamaica:  (lordon  Town,  1884,  J.  Hart. 

Sjjecimens  examined  from  Mexict).  Colombia,  Brazil,  and  the 
Philippines  (spec.  orig.!). 

3ft.  M£c;alospora  slxphurata  var.  nigricans  (Muell.  Arg.)  Riddle, 
comb.  nov. 

PaUllaria  vigilans  var.  nigricans  Muell.  Arg.  Flora  64:  227. 
IhHi. 

Specimens  examined  from  Mexico,  Venezuela,  Brazil  (tyjK'I), 
and  Australia. 

y.  Mecmlospora  silphirata  var.  megacarpa  (Nyl..^  Riddle, 
comb.  nov. 

Lecidea  megacarpa  Nyl.  Ann.  Sci.  Nat.  IV\  II :  2(x).     1859. 

Sfjecimens  examined  from  C\>sta  Rica,  Brazil,  Ceylon,  and 
Mauritius  (spec,  authent.!). 

4.  Mk(;.vu)spora  Cimmim.mak  Riddle,  Mycologia  4:  I2t>.     1912. 
Jamaica:  without  definite  hxality,   Clara  E,   Cummings  I2g 

(type!).     Endemic. 
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5.  Megalospora  premneella  (Muell.  Arg.)  Zahlbr.;  Engler  & 
Prantl,  Nat.  Pflanzenfam.  P*:  134.     1905. 
Patellaria  premneella  Muell.  Arg.  Lich.  Epiphyll.  5.     1890. 
Specimen  examined  from  Brazil  (type!).     Endemic. 

Hxplanatloti  of  plate  21 

All  figures  were  drawn  with  a  camera-lucida:  Figs.  i.  a,  and  3.  at  a  uniform  mif- 
nification  of  41  diameters;  Figs.  4-10,  at  a  uniform  magnification  of  385  diameters 
The  plate  has  been  reduced  approximately  one  half  in  reproduction.  Brown  or 
black  coloration  is  indicated  by  stippling. 

Fig.  I.     Vertical  section  of  apothecium  of  Buellia  rinodinospora  Riddle. 

Fig.  2.     Vertical  section  of  apothecium  of  Graphina  platygrapta  Muell.  Arg. 

Fig.  3.     Vertical  section  of  apothecium  of  Chiodecton  Mostictum  Riddle. 

Fig.  4.     Spores  of  Bmllia  rinodinospora  Riddle. 

Fig.  5.     Spore  of  Chiodecton  Uiostictum  Riddle,  with  mucous  envelope. 

Fig.  6.     Spore  of  Graphina  platygrapta  Muell.  Arg.  (the  cells  semi-diagrammatic). 

Fig.  7.     Spores  of  Megalospora  sulphur ata  Mey.  &  Flot. 

Fig.  8.     Spores  of  Megalospora  Cummingsiae  Riddle. 

Fig.  9.     Spores  of  Megalospora  versicolor  (F6e)  Zahlbr. 

Fig.  10.     Spores  of  Megalospora  sulphureorufa  (Nyl.)  Riddle. 
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A  middle  Eocene  Goniopteris 

Edward  W.  Bb«rv 

(with  rLATM  22) 

The  following  new  species,  based  upon  rather  extensive  and 
well  prescn'wl  material  from  the  middle  Eocene  of  our  southern 
Mates,  bcems  worthy  of  8pc^cial  notice.  It  is  referred  to  the  poly- 
pcxiiaceous  genus  Goniopteris  Presl,  as  amended,  and  it  is  hoped 
that  the  present  note  will  have  some  influence  with  students  of 
living  ferns  in  hastening  the  much  to  be  desired  segregation  of  the 
unwieldy  and  more  or  less  unnatural  genus  DryopUris,  in  which 
ConiopUris  is  often  included. 

Goniopteris  daiborniaiui  sp.  nov. 

Fronds  of  large  sire,  prolmbly  bipinnate,  with  a  stout  promi- 
nently winged  rachis.  Pinnae  alternate  to  sulK)pposite,  often 
pre\'ailingly  sulx)ppo6ite.  Pinnae  shortly  stipitate,  of  large  size, 
linear-lanceolate  in  outline,  averaging  between  10  cm.  and  15  cm. 
in  length  by  1.5-3.5  cm.  in  maximum  width,  tapering  to  an  ex- 
tended, attenuated,  acuminate  tip.  Pinnae  variable,  normally 
not  entirely  segregated  into  individual  pinnules  but  pinnatifid, 
the  margins  l)eing  separated  into  dentate,  inequilateral  segments 
with  upwardly  directed  points  and  narrow,  inequilateral  sinuses 
extending  one  fourth  to  one  third  of  the  distance  to  the  stipe. 
Pinnae  sometimes  but  slightly  pinnatifid  with  short,  tx)nical 
segments,  the  sinuses  extending  only  one  seventh  of  the  distance 
to  the  stipe;  sometimes  deeply  pinnatifid,  the  sinusc's  extending 
about  half  way  to  the  stipe.  Basal  proximal  pinnule  often  free 
and  entire. 

The  three  types  of  marginal  lobulation  are  a)rrelatetl  with 
three  types  of  venation,  although  naturally  the  three  are  con- 
nectc<l  by  ewry  interme<liate  gradation.  These  tyjK's  will  he 
descrilxHl  after  describing  what  I  have  calltxi  the  normal  type. 
This  is  the  type  that  agrees  in  its  more  im(X)rtant  particulars  with 
that  Xypn  familiar  in  Tertiary  ferns  and  referred  by  (laleolxxanists 
to  the  more  or  less  interrelattxl  and  synonymous  gt*nera  Lastrea, 
Pheiopieris  and  GoniopUris.     It  is  a  ty|)e  met  with  in  minlern, 

:wi 
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mostly  tropical,  ferns,  variously  segregated  or  aggregated  by 
students  of  existing  ferns  in  the  genera  Lastrea,  Nephrodium^ 
Phegopteris,  Polyhotrya  and  Dryopteris. 

Christensen,  perhaps  the  foremost  living  fern  student,  enu- 
merates upwards  of  one  thousand  existing  species  which  he  refers 
to  Dryopteris,  These  are  segregated  into  ten  groups  termed 
subgenera,  although  most  of  them  are  admittedly  of  generic  rank. 
These  groups  of  species  are  named  Eudryopteris,  SHgmatopteris, 
Ctenitis,  Lastrea  Bory  (emended),  Glaphyropteris  Presl,  Steiropteris, 
Cyclosoms  Link  (emended),  Leptogramma  J.  Sm.,  Goniopteris 
Presl  (emended),  and  Menisciutn  (Schreber). 

The  fossil  species  here  described  belongs  to  this  author's  ninth 
subgenus,  the  emended  Goniopteris  of  Presl,  which  I  am  recog- 
nizing as  a  valid  genus,  since  the  data  which  paleobotany  furnishes 
to  recent  botany  are  obscured  by  the  use  of  generic  names  that 
denote  composite  aggregations  of  living  species  like  so  many  of  the 
fern  genera  in  Die  Natiirlichen  Pflanzenfamilien.  Goniopteris  as 
delimited  by  Christensen*  has  about  three  score,  mainly  American 
tropical  species,  although  it  is  represented  in  the  Old  World  by  at 
least  two  species  of  Africa,  Asia  and  Australia.  It  is  an  eminently 
natural  group  that  has  evidently  inhabited  southeastern  North 
America  since  the  middle  Eocene. 

The  present  type  belongs  with  those  fossil  forms  characterized 
by  a  single  well  marked  lateral  running  to  the  tip  of  each  lateral 
lobule  and  these  laterals  are  more  often  opposite  or  subopposite 
than  alternate.  Each  lateral  diverges  from  the  midrib  of  the  pinna 
at  an  angle  of  about  sixty  degrees  and  gives  off,  alternately  proxi- 
mad  and  distad,  simple  branches,  averaging  about  eight  to  ten  to 
a  side.  The  basal  distal  tertiary  of  one  lateral  unites  with  the 
basal  proximal  tertiary  of  the  adjacent  superior  lateral  somewhat 
above  the  median  point  between  the  two  laterals.  This  united 
vein,  termed  a  ray  by  Ettingshausen,  proceeds  in  a  flexuous  course 
to  the  marginal  sinus,  uniting  alternately  with  the  distal  and 
proximal  tertiaries  from  the  adjacent  laterals.  In  the  marginal 
lobe  there  are  several  simple  and  free  tertiaries,  usually  three  or 
four  running  to  the  distal  margin  and  four  to  six  running  to  the 

*  Christensen,  Carl.  On  a  natural  classification  of  the  species  of  Dryopteris. 
Biologiske  Arbeijder  Tilegnede  Eug.  Warming,  73-85.  N  191 1. 
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kmicer  liecauae  more  arched  proximal  marpn.  This  type  of  vena- 
tion is  the  prevailing  type  in  the  specimens  a)llected  and  is  shown 
in  Fk;.  3. 

The  pinnae  with  the  reduced  marginal  lobulation  have  an 
essentially  similar  venation  to  that  just  described.  The  laterals 
are  more  nearly  at  right  angles  with  the  midrib  and  the  tertiaries 
numlH'r  ten  or  eleven,  alternating,  rather  straight  pairs;  those  fmm 
a<ijacx*nt  laterals  uniting  midway  l>etween  to  form  a  ray  that  is 
rather  straighter  than  in  the  previous  case.  Elach  ray  terminates 
at  a  sinus  and  there  are  usually  thn^e  pairs  of  free  simple  veinlets 
in  each  lobule,  although  two  or  four  |)airs  may  t>e  present  at  times. 

In  the  pinn<ie  that  are  dei*ply  pinnatifid,  the  venation,  while  of 
the  same  general  plan  as  in  the  precetling  cases,  varies  in  ct»rtain 
rather  remarkable  particulars  which  ser\'e  to  distinguish  the 
prt^'nt  form  from  all  other  previously  descrilKnl  fossil  sjKH'ies. 
Only  one,  two  or  three  tertiaries  from  each  adjacent  lateral  are 
conci*metl  in  the  formation  of  a  princi(>al  ray  that  runs  to  the  sinus 
of  the  margin,  and  one  or  the  other  of  these  tertiaries  mav  fork, 
the  branch  uniting  with  a  branch  from  the  next  tertiar>',  the 
resultant  sut>sidiary  vein  or  ray  uniting  with  the  principal  ray 
near  the  sinus,  the  two  enclosing  a  laterally  elongatcxl  rhomtK>idal 
areola.  The  free  veinlets  are  only  from  one  to  three  terminal 
pairs;  all  of  the  other  tertiaries  are  at  least  onc^  forkefl  at  a  greater 
or  less  distance  alwve  their  Iwse,  each  limb  of  the  fork  uniting  with 
a  airresponding  fork  of  the  next  adjaix'nt  tertiary,  the  resulting 
ray  running  directly  to  the  margin.  This  is  the  Goniopieris- 
Aspidii  tyf)e  of  x-enation  of  Kttingshaust*n's  Famkriiuter  der 
Jetzwelt  (1865). 

The  venation  of  this  type  is  still  farther  complicatt*<l  by  the 
frec)uent  presence'  of  a  very  fine  sul>sidiary  branch  from  one  or  the 
<»ther  forks  of  a  tertiary,  and  this  fine  branch  runs  directly  to  the 
margin.     This  tyfx*  of  venation  ih  shown  in  Fk;.  4. 

The  princifKil  intermetliate  t\|H*  is  one  in  which  only  a  ffw  of 
the  forks  of  the  tertiaries  unite  uilh  their  adjacent  fellous  fn>m 
the  adjacent  tertiaries  to  form  a  ray,  the  majority  of  the  tertiarie> 
being  simply  onix*  forkt^l  uilh  Inxh  branclu-s  of  Mirh  forks  ter- 
minating in  the  margin. 

This  handsome  ami  characteristic  sjHHii^  i>  a»mmon  in   the 
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clays  of  the  Yegua  formation  at  Columbia,  Louisiana,  occurring 
also  in  the  sandy  clays  of  the  Lisbon  formation  near  Newton, 
Mississippi,  but  none  of  the  collected  material  is  in  fruit.  The 
form  and  venation  are  so  well  marked  and  distinctive,  however, 
that  the  species  is  at  once  correlated  with  the  rather  abundant 
Tertiary  type  that,  under  the  name  of  Goniopteris,  Lastrea  or 
Phegopteris,  is  so  characteristic  of  the  fern  floras  of  that  time.  It 
is  at  once  distinguished  from  all  of  these  by  the  peculiar  venation, 
otherwise  it  shows  the  same  habit,  winged  rachis  and  outline  as, 
for  example,  Lastrea  stiriaca  Heer*  of  the  European  Oligocene, 
described  originally  by  Ungerf  as  Polypodites,  referred  to  Goniop- 
teris by  Alexander  Braun|  and  to  Phegopteris  by  Ettingshausen.§ 

There  are  at  least  fifteen  known  Tertiary  species  of  this  general 
type,  most  of  whicJi  are  European,  although  several  have  been 
recorded  from  American  localities.  Most  of  the  foreign  material 
is  somewhat  younger  than  the  present  species,  although  two  dif- 
ferent forms  have  been  described  from  the  middle  Bagshot  beds 
of  southern  England,  a  nearly  homotaxial  (Lutetian)  horizon. 

Several  early  Eocene  species  have  been  recorded  in  this  country 
from  the  Rocky  Mountain  region.  In  addition  to  the  differences 
in  venation  previously  referred  to,  Lastrea  intermedia  Lesquereux]| 
from  the  Denver  formation  has  the  pinnae  decurrent  on  the  main 
stipe;  Lastrea  Goldiana  Lesquereux^  from  the  same  horizon  has 
crenulate  and  deeply  divided  margins  and  simple  tertiaries;  the 
form  from  Sand  Creek,  Colorado,  referred  to  Ettingshausen's 
Monte  Promina  species  Lastrea  polypodioides**,  has  a  denticulate 
margin  and  simple  tertiaries.  The  form  from  the  lower  Eocene 
of  Oregon  identified  by  Newberry  as  Lastrea  Knightiana^^  and 
commonly  referred  to  the  European  early  Miocene  species  La^/rea 
Fischeri  Heer Jt  is  much  like  the  present  species  in  size  and  general 

*  Heer,  Fl.  Tert.  Helv.  i:  31.  pi.  7,  S.  1855;  3:  I5i-  pl-  143-     1859. 
t  Unger,  Chlor.  Prolog.  121.  pi.  36-     1847. 
t  Braun,  Zeits.  Deutsch.  Geol.  Gesell.  4:  556.     1852. 
§  Ettingshausen,  Foss.  Fl.  Bilin.  1:  16.  pi.  2,  f.  16-18.     1866. 
II  Lesquereux,  Tertiary  Flora,  56.  pi.  4,  /.  14.     1878. 
t  Idem,  /.  13. 

♦*  Idem.  57.  pi.  4,  f.  II,  12. 

tt  Newberry,  Proc.  U.  S.  Nat.  Mus.  5:  503.     1882. 

Jt  Heer,  Fl.  Tert.  Helv.  i:  34.  pi.  Q,f.  j.  1855;  Lesquereux,  Cret.&  Tert.  Fl.  239. 
pL  50,  f.  /,  /a.  1883;  Newberry,  Mon.  U.  S.  Geol.  Surv.  35:  10.  pL  4^,/.  6.     1898. 
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appfarance,  but  differs  in  venation.  The  American  material  of 
this  last  species  is  rather  poor  and  I  doubt  very  much  its  identity 
with  the  European  type.  A  very  widespread  Tertiary  t>'pe  of  fern 
lut>le  to  be  confused  with  the  Goniopteris  is  Osmunda  lignitum 
Stur*  in  which,  however,  the  tertiariesare  all  always  simple,  neither 
anastomosing  nor  forming  interlateral  rays. 
T«B  J  (WHS  HonciNS  Unive«sity 

RxpUuuitlon  of  plate  22 

GoNiopTsais  CLAiBORNiANA  Berry 

FrtKB  thr  Eocene  ol  Columbia.  Louisianm. 
Fic.  I.     Portion  of  a  pinna.  naturaJ  size. 
Fic.  >.     Fracment  of  a  frond,  natural  size. 
Flo  3.     Normal  type  of  venation,  X  4. 
(t(.  4.     l*nu«ual  type  of  venation.  X  4. 

•  Stuf.  Jabrb.  k.  k.  GeoL  Reich«.  ao:  9.  pi.  2.     1870. 
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Notes  on  plants  of  the  southern  United  States — III 

Francis  W.  Psnnbll 

Aa  with  preceding  issues  this  p>aper  divides  itself  into  two 
|M)rtirms.  One  consists  of  short  notes  based  upon  the  writer's 
fi<:ld  work  of  1912  and  1913,  recording  mostly  plants  believed  new 
to  their  respective  states.  The  other  and  larger  portion  consists 
of  a  revihion  of  the  genus  Chamaecrista  in  the  United  States,  and 
(or  this  have  been  reviewed,  besides  his  own  collections,  all  the 
niatrrial  in  several  of  our  leading  herbaria.  In  both  parts  symbols 
are  used;  >  to  indicate  in  flower;  <,  in  fruit. 

MISCELLANEOUS  SPECIES 
Aristolochia  longiflora  Engelm.  &  Gray 

Not  *'A.  longifolic,*'  as  it  appears  in  Coulter,  Botany  of  Western 
Tessas  (Contr.  U.  S.  Nat.  Herb,  a),  and  in  Small,  Flora  of  the 
Southeastern  United  States.  Collected  near  its  original  station, 
or  dr>'  black  loam,  Edwards  Plateau,  northwest  of  New  Braunfels, 
Comal  County,  Texas,  September  14,  1913,  5435* 
I 

ACTAEA   ALBA    (L.)    Mill. 

Deciduous  woodland,  Catalpa,  West  Feliciana  Parish,  Louisi- 
ana, August  22,  1912,  4JOQ.  With  a  large  number  of  northern 
ikptcies,  tuch  as  Asplenium  pycnocarpon  Spreng.,  this  reaches  its 
Mnjthem  limit  in  the  loess  hills  east  of  the  Mis^sissippi  River  in 
l.oui»iana. 

Cracta  AMBiotA  (M.  A.  Curtis)  Kuntae 

Open  long-leaf  pine-land,  one  to  two  miles  north  of  Abita 
^pringn.St.  Tammany  Parish,  I^uisiana,  >  August  12,  1912,^/jd. 

CraccA  angostifolU  (Featherman)  Pennell,  comb.  nov. 
Tepkrosic  aniustifolia  Featherman,  Bot.  Rep.  I^)ui^iana  73.     1871. 
"Habitat. — Pine    barrens    near    Pontrhatoula    [I^>ui^iana]." 
From  inquiry  at  Baton  Rouge  it  i<'ems  probable  that  Feat  Herman's 
type  is  not  in  existence. 
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Cracca  onobrychoides  (Nutt.)  Kuntze  as  it  occurs  in  central  and 
western  Arkansas  and  eastern  Oklahoma  is  relatively  a  stout  plant, 
its  stem  and  leaf-rhachises  hirsute  with  more  or  less  spreading 
rusty  hairs,  its  leaflets  mostly  nine  to  twelve  pairs,  elliptic-oblong, 
densely  and  softly  pubescent  beneath.  The  plant  here  considered, 
for  which  is  taken  up  Featherman's  name,  is  more  slender,  its  stem 
and  leaf-rhachises  shortly  pubescent  with  appressed  or  but  slightly 
spreading  hairs,  giving  by  their  more  scattered  position  the  effect 
of  being  less  rusty,  its  leaflets  six  to  nine  pairs,  linear-oblanceolate. 
This  is  probably  a  characteristic  plant  of  the  long-leaf  pine-land  in 
Louisiana  and  Mississippi;  we  have  it  from  Gulfport,  Harrison 
County,  Mississippi,  <  September  8,  1900,  F,  E.  Lloyd  6f  5.  M, 
Tracy  161,  and  from  open  pine-land,  one  to  two  miles  north  of 
Abita  Springs,  St.  Tammany  Parish,  Louisiana,  <  August  14, 
1912,  4i8g,  Its  specific  status  is  here  proposed  tentatively. 
Specimens  of  C.  onobrychoides  collected  on  prairies  in  Bowie 
County,  Texas,  in  1898,  H,  £gg«r/,and  at  Hempstead,  Waller 
County,  Texas,  E,  Hall  ug,  in  pubescence  and  leaf-form  show  pos- 
sible first  stages  of  transition  toward  C.  angustifolia.  The  plant 
needs  further  field-study. 

Eysenhardtia  texana  Scheele 

The  single  species  of  Eysenhardtia  occurring  through  most  of 
central  southern  Texas  is  this,  based  upon  Lindheimer's  collection 
at  New  Braunfels,  Texas.  It  has  been  confused  with  the  central 
Mexican  E.  polystachya  (Ortega)  Sargent  (£.  amorphioides  H.B.K.), 
but  is  a  smaller  plant,  a  shrub  rather  than  a  small  tree,  its  leaflets 
fewer  in  number,  finely  puberulent  rather  than  pubescent,  its 
calyx-tube  split  on  posterior  side  relatively  more  deeply  and  its 
legumes  smaller,  evidently  upcurved,  at  maturity  ascending,  not 
reflexed.  Mr.  W.  E.  Saff^ord  and  the  writer  are  planning  a  revision 
of  this  small  but  neglected  genus.  On  black  calcareous  soil, 
Edwards  Plateau,  northwest  of  New  Braunfels,  Comal  County, 
Texas,  >  September  14,  191 3,  3468. 

Zornia  diphylla  (L.)  Pers. 

Sandy  soil,  one  mile  east  of  Aloe,  Victoria  County,  Texas,  > 
September  18,  1913,  5491-     A  tropical  species.  West  Indian  and 
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Mexican,  extending  into  southern  Arizona,  but,  so  far  as  I  am 
aware,  not  before  reported  from  the  Gulf  States. 

Lespedeza  hirta  (L.)  Ell. 

Dr>'  sandy  oak-woods  west  of  Sheridan,  Colorado  County, 
Texas,  aillected  S  Septeml)er  21.  191 3.  552J. 

CfALACTiA  MARGiNALis  Benth.  Ann.  Wien.  Mus.  a:  126.      1838 

Perhaps  G,  keierophylla  {(.ill.)  Vail  (Bull.  Torrey  Club  22: 
502.  1895),  but  not  G.  keterophylla  A.  Gray  (Boston  Jour.  Nat. 
Hiht.  6:  171.     1850). 

Sandy  soil,  one  mile  east  of  Aloe,  Victoria  County,  Texas,  > 
Septeml)er  18,  1 91 3.  5-^P7- 

THE  (;ENrS  CHAMAECRISTA  Moem  h  IN  THE  CNITED 

STATES 

I>uring  my  two  southern  trips  especial  attention  was  given  to 
the  genus  Chanuitcrista  Moench.  This  genus  or,  if  y(JU  will, 
iuil>genus  of  Cassia  L.  haii  long  iK^en  known  as  of  particuLir  taxo- 
nomic  difficulty.  As  long  ago  as  1871  Bentham  in  his  revision  of 
Cassia  emphasized  this.  Hence  it  has  seemcti  desirable  to  see 
living  plants  and  to  study  the  lx*havior  of  the  several  s^K^cies. 

Fnjm  the  following  lists  the  extent  and  deficiencit*s  of  this 
field-work  will  lie  apfxirent.  I  have  collecttnl  nearly  all  the  sfXTies 
in  my  a»urse.  but,  as  I  did  not  travel  wcNt  (»f  central  Tex*is  or  south 
into  the  Florida  (leninsula,  I  have  seen  but  six  of  the  thirtt^en  Ninries 
here  recognized. 

However,  tht*se  six  include  all  of  the  wide-ranging,  widely 
variable  sorts,  and,  as  in  this  genus  the  characters  of  diagnostic 
\alue  prt-^erNe  well,  the  main  imf)ortance  of  field-study  has  Ufn 
to  form  M>me  appraisement  of  variation  within  ami  lHtwt*t*n 
*|)ecii*s.  Of  the  geographic  sul»>jH*cit^  here  treale<l,  six  in  all. 
the  writer  has  a)llecte<l  thnt*. 

<  (iTfilU  Urgr.  rxirr<1ing  i  t  m  in  ilumrlcr .  (mr  |»r(al  finl> 
nuMlrratrly  Umg^T  than  rrnuimmg  lour  Matnrn* 
10      RrdtcrU  i   8.  7   40  mm   Umjj 

PrlK>Ur  gland  •Irmirr-ktalkol 

Ivralirt*  7  v  mm    Umg.  ruundc^l-mut  nmuUtr. 
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glabrous,  reddish  beneath.  Pedicels  30-40 
mm.  long.  Sepals  ovate.  Legumes  30-40 
mm.  long,  finely  appressed-puberulent.  i.  C.  Wrighiii. 

Leaflets  8-1 1  mm.  long,  acute-mucronate.  cili- 
ate,  green  beneath.  Pedicels  7-9  mm.  long. 
Sepals  lanceolate-attenuate.  Legumes  35-40 
mm.  long,  strigose.  2.  C.  aristellata, 

Petiolar  gland  sessile. 

Pedicel  i,  25-35  nim.  long,  exceeding  the 
leaves.  Sepals  ovate.  Stipules  ovate. 
Leaflets  strongly  ridge- veined.  3.  C.  texana. 

Pedicels  1-4,  15-25  mm.  long,  shorter  than  the 
leaves.  Sepals  lanceolate.  Stipules 
lanceolate-linear.  Leaflets  not  strongly 
ridge-veined. 
Leaflets  4-7  pairs,  not  ridge- veined,  pubes- 
cent. Petiolar  gland  small.  Pedicels 
spreading-pubescent.  Legumes  3.5-4 
cm.  long,  pubescent.  4.  C.  keyensis. 

Leaflets  12-20  pairs,  finely  ridge-veined, 
glabrous.  Petiolar  glands  large,  1-2  mm. 
long.  Pedicels  glabrous  to  finely  ap- 
pressed-puberulent. Legumes  6.5-8.5 
cm.  long,  sparsely  finely  appressed- 
puberulent.  5.  C.  Deeringiana, 
Annuals. 

Petiolar  gland  depressed,  1-2.5  mm.  wide.  Pedi- 
cels glabrous  to  more  rarely  puberulent  in  lines. 
Leaflets  10-25  pairs.  6.  C.  brachiaia. 

Petiolar  gland  not  depressed,  0.07-1.5  mm.  wide. 
Pedicels    puberulent    to    hirsute.     Leaflets 
6-1 2  (-18)    pairs.     Species    closely    related 
and  more  or  less  intergrading. 
Leaflets  glabrous  (occasionally  slightly  puberu- 
lent  in   C  fasciculata).     Legumes  3-7 
cm.  long,  5-7  mm.  wide. 
Anther-sacs  purple.     Petiolar  gland   mi- 
nute, 0.07-0.2  mm.  wide.     Leaflets  5-9 
pairs.     Buds  ovate,  acute  to  short-acu- 
minate.   Legume  relatively  long-beaked. 
Pedicels    appressed-pubescent.       Plant 
low.  7.  C.  rostrata. 

Anther-sacs  yellow  (rarely  purplish  in  C 
fasciculata).  Petiolar  gland  0.5-1.5 
mm.  wide.  Leaflets  6- 12 (-18)  pairs. 
Buds  lanceolate  to  ovate-lanceolate, 
strongly  acuminate.  Legumes  rela- 
tively short-beaked. 
Pedicels  and  stems  pubescent  with  in- 
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curved   hairs.     Legumes   pubescent 
with  relatively  short  and  appressed 
hairs.       Leaflets    6-ia(-is)     pairs. 
Corolla  35-30  mm.  wide. 
PediceU     and     stems    hirsute     with 
spreading    hairf.     Legumes    pu- 
bescent with  ffpreading  hairs. 
LeafleU    9-18    pairs.    15-30    mm. 
long.    Corolla  mostly  30-40  mm. 
wide.     Stems  stout,  erect. 
Leaflets  6-10  pairs.  S-12  mm.  long. 
Corolla    about    35    mm.    wide. 
Stems  slender,  spreading. 
Lrartrt*  pubescent  with  incurved  hairs. 

Anther-sacs    yellow.     Legumes    3-5    cm. 
long.  5  mm.  wide.     Plants  relatively 
small-leaved,  slender  and  fpreading. 
PediceUand  legumes  pubescent  with  in- 
curved hairs. 
Pedicels  and  legumes  pubescent  with 
spreading  hairs. 
Anther-sacs   purple.     Legumes    5-6    cm. 
long.  4-5  mm.  wide.     Plant  relatively 
large-leaved,  stouter  and  erect. 
( ttrxiit  uaAll.  U^s  than  I  cm.  in  diameter;  one  petal  much 
U/grr   than   the   remaining   four.     Stamens   5-9. 
Pc<!KrU  i-j(-3).  3-5  mm.  long.     AnnuaU. 
l.*iume«  j-4  mm.  wide.  10-  to  i8-teeded.     Leaflets 
Wmg-ctliate.     Odd  petal  not  twice  length  of  others. 
Lrf  iiDKS  4-6  mm.  wide.  6-  to  Q-seeded.     Leaflets  not 
f  itiaie. 
PriutiMT  gland  with  disc<»id  head  much  wider  than 
Halk-likc    bate.     Corolla    with    odd    petal 
twKC   exceeding  others.   Legumes  7-  to  9- 
sreded,    pubescent    with    incurved    (rarely 
cprrading)     hairs.     Stem     pubescent    with 
a«  ending -incurved,   rarely  with  spreading 
hairs. 
Lraflrts  glabrous,  obtuse,  mucronate.     5^pal8 
puberulent  on  midrib.     Stipules  5-8  mm. 
kmg. 
Leaflets  918  pairs.  2  -4  mm.  wide. 
Leaflets  15-36  pairs.  1-3  mm.  wide. 
{..raflets  pubescent  with  incurvnl  hairs.  acuti<h 
lo  arute.   more  con»picu(m«ly   mucronate- 
tipprd.     Srpals  pul*e«tcnt<tn  midrib.     Stip- 
ules 8-10  mm.  long. 
Petifiar  gland  with  head  but  «liKHtly  widrr  than 
stalk-llke  base.     (Virolla  with  rHl<l  petal  le^s 


8.  Cfasciculaic. 


8a.  C.  fascicular  0, 
86.  C  fasciculaia  y. 


9.  C.  mississippUnsis. 
ga.  C.  mississippUnsis  fi, 

10.  C.  puberuia, 

11.  C  ltptad€nia. 


13.  C.  nictUans, 
1 311.  C.  nictitans  0. 


I2h.  C.  nictitans  y. 
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than  twice  exceeding  others.     Legumes  6-  io 

7-seeded,  hirsute  with  spreading  hairs.  Stem, 

at  least  above,  hirsute  with  spreading  hairs. 
Leaflets    15-27    pairs.     Stout,   erect,    mostly 

hirsute  throughout.  13.  C  aspera. 

Leaflets  9-18  pairs.     Slender,  diffuse,  mostly 

hirsute  only  above.  13a.  C.  aspera  fi. 

I.  Chamaecrista  Wrightii  (A.  Gray)  Pennell,  comb.  nov. 

Cassia  {Chamaecrista)  Wrightii  A.  Gray,  PI.  Wright.  2 :  50.     Mr 

1850. 

** Hill-sides,  on  the  Sonoita,near  Deserted  Rancho,  Sonora; 
Sept.  [C.  Wright]  (1034)."  Co-types  seen  in  the  herbarium  of 
Columbia  University  at  the  New  York  Botanical  Garden  and  in 
the  herbarium  of  the  Academy  of  Natural  Sciences  of  Philadelphia. 

Perennial.  Stem  ascending,  3-4  dm.  tall,  finely  puberulent  in 
lines  with  incurved  to  appressed  hairs.  Stipules  lanceolate- 
acuminate,  very  shortly  or  not  ciliate,  3-4  mm.  long.  Petioles  3-4 
mm.  long,  slightly  puberulent.  Petiolar  gland  single,  below 
proximal  leaflets,  conspicuously  stalked,  discoid,  0.15-0.2  mm. 
wide,  dark-brown.  I-eaflets  six  to  eight  pairs,  8-10  mm.  long,  2 
mm.  wide,  obliquely  ellipsoid-lanceolate,  rounded,  very  shortly 
mucronulate,  glabrous,  not  ciliate,  obscurely  nerved.  Pedicel 
one,  30-40  mm.  long,  sparingly  puberulent  in  lines  with  incurved 
hairs.  Sepals  7  mm.  long,  ovate,  acute.  Petals  10-12  mm.  long, 
the  anterior  slightly  exceeding  the  laterals.  Stamens  ten,  unequal, 
two  longer;  anthers  6-8  mm.  long,  gradually  narrowed  above, 
yellow  (?).  Legumes  4  cm.  long,  5  mm.  wide,  sparingly  finely 
appressed-puberulent.     Seeds  eight. 

**  Hill-sides,**  northeastern  Sonora  and  southern  Arizona. 

Arizona.  Without  definite  locality,  /.  T.  Rothrock,  1874, 
4750  ft.  alt.  (U). 

2.  Chamaecrista  aristellata  Pennell,  sp.  nov. 

Cassia  aristellata  A.  Gray,  manuscript  name  on  sheet  here  taken  as 

type. 

Perennial.  Stem  ascending,  4  dm.  tall,  puberulent  with  in- 
curved hairs  and  hirsute  with  interspersed  longer  spreading  hairs. 
Stipules  lanceolate-acuminate,  long-ciliate,  5  mm.  long.  Petioles 
3-5  mm.  long,  hirsute.  Petiolar  gland  single,  slightly  below 
proximal  leaflets,  conspicuously  slender-stalked,  discoid,  1-1.5 
mm.  wide.     Leaflets  six  to  eight  pairs,  10-15  mm.  long,  2  mm. 
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wide,  oblique-lanceolate,  falcate,  acuminate-mucronate  on  distal 
side,  nearly  glabrous,  evidently  ciliate.  evidently  ner\'ed.  Pedicel 
one,  7- 13  mm.  long,  appressed-pubcrulent  with  incurx'ed  hairs. 
S(*|)alh  10  1 1  mm.  long,  lanceolate,  acuminate,  pul)erulent.  Petals 
10  mm.  long,  the  anterior  slightly  exceeding  the  lateral.  Stamens 
uncH)ual.  legumes  4  cm.  long,  4  4.5  mm.  wide,  strigose-hirsute, 
l)rown.     See<lh  twelve,  2-2.2  mm.  long,  oval. 

Tyjje,  **Texano-Mexicanum,**  collected  in  fruit,  Berlanditr 
20j6,  in  the  herl>arium  of  (\)lumbia  University  at  the  New  York 
Botanical  (warden. 

Apparently  differs  from  Chamaecrista  calycioides  (DC.)  Greene 
of  South  America,  with  which  it  has  l)een  confused,  by  its  fewer 
leaflets  and  solitary  flowers;  doubtless,  when  L\  calycoides  is  re- 
-collected and  fully  described,  by  other  characters. 

Besides  the  type  collection,  the  precise  locality  of  which  is 
unrecorded,  seen  also  from  Cameron  County,  Texas,  >  May  8t 
l<;oo,  Vernon  Bailey  231,  in  the  Tnitetl  States  National  Hertmrium. 

3.  ClumuecrisU  texana  (Buckl.)  Pennell,  a>mb.  nov. 

Cassia  texana  Buckl.  Proc.  Acad.  Nat.  Sci.  of  Phila.  1861:  452. 

1862.     ** Sandy  soil,  Bastrop  Co.,  Texas."     TyfK*  seen  in  the 

herl)arium  of  the  Academy  of  Natural  Sciences  of  Philadelphia. 

Perennial,  from  a  rhi/ome.  Stems  as<x*nding,  2  4  dm.  long, 
pulxrrulent  in  lines  with  ascending-incurred  hairs.  Stipules 
conlate-triangular,  acuminate,  slightly  ridge-veinwl,  pulK'rulent, 
dliate,  3  4  mm.  long.  Petiolt^  2  3  mm.  long,  puln^rulent  with 
aMH*nding-incurved  hairs.  Petiolar  gland  single,  Ik'Iow  pn)ximal 
leaflets,  sessile,  rudimentary  or  mostly  wanting.  I^^aflets  ten  to 
sixteen  pairs,  crowded,  6  8  mm.  long,  i  mm.  wide,  elliptic- lanceo- 
late, acutish,  pulx-^-ent,  finely  ciliate,  strongly  ridge- veine<l. 
Peflicel  one,  extx'etling  the  subtending  leaf,  in  fruit  30  50  mm. 
long,  put)erulent  with  incurxtnl  hairs.  SejKils  7  8  mm.  long,  ovate, 
acute,  finely  appressi*tl-pul)erulenl.  Petals  10  13  mm.  U»ng.  the 
anterior  slightly  excee<ling  the  laterals.  Stamens  ten,  unequal, 
one  or  two  longer;  anthers  6  mm.  I<»ng,  yellow,  l^^gumes  3  4  cm. 
long,  5  mm.  wide,  sfKiringly  finely  appresscKl-pulK^sc-ent.  See<ls 
eight. 

This  has  l)een  identified  as  C.  ihamaeiriitoides  and  as  C.  pro- 
cumbens, 

C,  chamaecristoides  tCollad.)  (•rt'ene,  of  South  .America,  differs 
by  its  longer  st<iuter  stems,  lanci^olate  stipules,  slightly  longer 
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petioles,  evident  stalked  petiolar  gland,  rounded  not  winged 
leaf-rachis  (in  C.  texana  this  is  flattened,  slightly  winged),  larger 
scarcely  veined  evidently  cuspidate  leaflets,  stouter  densely 
puberulent  pedicels  shorter  than  the  subtending  leaves,  and 
flowers  larger,  30-35  mm.  in  diameter. 

C  micrantha  Britton  ("C  procumbenSy*  not  L.),  of  Cuba  and 
the  Isle  of  Pines,  differs  by  its  ovate-lanceolate  stipules,  evident 
petiolar  gland,  terete  not  winged  leaf-rachis,  shorter  scarcely 
veined  usually  more  puberulent  to  pubescent  leaflets,  peduncles 
becoming  but  10-20  mm.  long,  smaller  flowers  15  mm.  in  diameter, 
and  more  puberulent  eight-  to  twelve-seeded  legumes. 

Dry  sandy  soil,  southern  Texas. 

Texas.  Bastrop:*  5.  B.  Buckley  (A).  Cameron:  Rudolph, 
F.  L.  Lewton  178  >  April  13  (U).  Duval:  Pena,  C.  C.  Nealley  117 
(P,  U).  Victoria:  Aloe,  F.  W,  Pennell  5496  >  September  18  (P). 
Webb:  Laredo,  Schott  105  >  June  (Y).  Also  **De  Matamoros  a 
las  Nueces,''  Berlandier  2427  (A,  U,  Y). 

4.  Chamaecrista  keyensis  Pennell,  sp.  nov. 

Perennial.  Stems  spreading,  1-8  dm.  long,  densely  pubescent 
with  spreading  hairs.  Stipules  lanceolate-acuminate,  4.5-5  mm. 
long.  Petioles  3-6  mm.  long,  densely  spreading-pubescent. 
Petiolar  gland  single,  toward  distal  end  of  petiole,  sessile,  more  or 
less  raised,  saucer-shaped.  Leaflets  four  to  seven  pairs,  7-10 
mm.  long,  2-4  mm.  wide,  oblanceolate,  mucronate,  densely 
pubescent  with  somewhat  incurved  hairs.  Pedicels  one  or  two, 
15-20  mm.  long,  pubescent  with  spreading  upcurved  hairs.  Sepals 
8-9  mm.  long,  lanceolate-acuminate,  hirsute.  Petals  9-10  mm. 
long,  the  anterior  but  slightly  exceeding  the  laterals.  Stamens 
ten,  unequal;  anthers  7-8  mm.  long,  gradually  narrowed  above, 
reddish-purple.  Legumes  4-4.5  cm.  long,  4-5  mm.  wide,  puberu- 
lent with  incurved  hairs.     Seeds  twelve,  3  mm.  long. 

Type,  rocky  pine  woods,  Big  Pine  Key,  Monroe  County, 
Florida,  collected  in  flower  May  2,  1917,  F.  W.  Pennell  gS53  >"  ^^^ 
herbarium  of  the  New  York  Botanical  Garden. 

The  Antillean  C.  grammica  (Spreng.)  Pollard,  with  which  this 
has  been  identified,  differs  by  its  appressed  pubescence  and  con- 
spicuously stalked  glands. 

♦  As  in  preceding  lists,  one  specimen  (rarely  several)  from  a  county  is  cited, 
county-names  being  arranged  alphabetically.  For  herbaria  cited  see  Bull.  Torrey 
Club  43:  94.     1916. 
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Rocky  or  sandy  pine-lands,  Florida  Keys. 
Florida.     Monroe:  Big  Pine  Key,  /.  K,  Small  3785,  3700 
<Xo\'einbcr  17  (Y);  No-name  Key  (U,  Y);  Ramrod  Key  (Y). 

5.  Chainaecrista  Deeringkna  Small  &  Penncll,  sp.  nov. 

Perennial,  from  a  horizontal  rhizome.  Stems  erect,  slender, 
purple  or  purplish,  3-6  dm.  tall,  glabrous  or  sparingly  puberulent 
aluvve  with  incurved  hairs.  Stipules  strongly  ridge- veined,  gla- 
iMxms.  7-10  mm.  long.  Petioles  5-8  mm.  long,  sparingly  appressed- 
puberulent  to  glabrous.  Petiolar  gland  single,  depressed-discoid, 
I -1. 5  mm.  wide,  brown.  Leaflets  10-20  pairs,  10-20  mm.  long, 
2-3  mm.  wide,  lanceolate-linear,  acute-mucronate,  glabrous,  not 
riliate.  shining,  finely  ascending  ridge-nerved;  midrib  excentric. 
Pedicels  one  to  four  in  a  fascicle,  10-20  mm.  long,  very  slender, 
KUlmHis  to  more  rarely  sparingly  puberulent  in  lines  with  incurved 
hairs.  Sepab  10-12  mm.  long,  lanceolate,  acuminate,  not  dilated 
nor  white-margined  below,  glabrous  to  finely  pulverulent.  Petals 
14-iH  mm.  long,  anterior  slightly  exceeding  laterals.  Stamens  ten, 
unrf|ual,  2  longer;  anthers  8-9  mm.  long,  yellow  or  reddish. 
l^»-Kume»  6.5-8.5  cm.  long,  5  mm.  wide,  i  mm.  thick,  brown, 
thirk-walled  (seed-cavities  scarcely  visible  externally),  sparingly 
finely  appressed-puberulent  to  glabrous.  Seeds  twelve  to  fifteen, 
5.K  4  mm.  long,  dark  purplish-brown. 

Type,  pine-lands  near  Silver  Palm,  Dade  Count>',  Florida, 
aiJlected  in  flower  and  fruit  June  22,  1915,  /.  K.  Small,  C.  A, 
JJoiUr  cf  G.  K.  Small  6454,  in  the  herbarium  of  the  New  York 
Botanical  Garden. 

Has  been  confused  with  C.  brachiata. 

Fine-lands  on  Miami  limestone,  mainland,  and  on  Big  Pine 
Kr>%  bouthem  Florida. 

Floeida.  Dade:  Brogdon  Hammock;  Cocoanut  Grove; 
Culler;  Homestead;  I^ng  Prairie;  Miami,  N.  L.  Britton  ig7  > 
March  24  (Y);  Murden  HammcKk;  Silver  Palm;  near  Timms 
Hammock,  F.  W,  Pennell  9540  >  April  28  (Y).  Monrcx?:  Big 
Pine  Ke>',  J,  K.  Small  3781  S  Noveml)er  17,  (Y). 

6.  Chamaecrista  brac  hiata  Pollard 

Ckamaeifista  brachiata  Pollard,  Proc.  Biol.  Soc.  Wash.  15:  20. 
Feb.  18,  1902.  "Type.  No.  330,115,  in  the  Tnitt^^l  States 
National  Herl)arium,  collected  by  (^harles  L.  Pollard  and  Ci.  N. 
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Collins  at  Miami,  Dade  County,  Florida,  April  4-7,  1898  (No. 

245).'*     Type  seen  in  the  United  States  National  Herbarium. 

Annual.  Stems  erect,  8-12  dm.  tall,  glabrous  or  sparingly 
puberulent  above  with  incurved  hairs.  Stipules  lanceolate- 
acuminate,  glabrous  or  nearly  so,  not  ciliate,  5-8  mm.  long. 
Petioles  4-8  mm.  long,  sparingly  appressed-puberulent  to  glabrous. 
Petiolar  gland  single,  or  occasionally  two  or  three  and  serially 
placed,  closely  sessile,  effused-discoid  to  saucer-shaped,  1-2.5  mm. 
wide,  brown.  Leaflets  ten  to  twenty-five  pairs,  10-20  mm.  long, 
2-3  mm.  wide,  linear-lanceolate,  acute-mucronate,  glabrous,  not 
ciliate,  obscurely  nerved.  Pedicels  1-4  in  a  fascicle,  10-20  nun. 
long,  glabrous  to  more  rarely  sparingly  puberulent  in  lines  with 
incurved  hairs.  Sepals  10-12  mm.  long,  lanceolate,  acuminate, 
glabrous  or  nearly  so.  Petals  10-18  mm.  long,  anterior  slightly 
exceeding  laterals.  Stamens  ten,  unequal,  2  longer;  anthers  7-9 
mm.  long,  reddish  to  purplish  (?).  Legumes  6-8  cm.  long,  5—5.5 
mm.  wide,  sparingly  finely  appressed-puberulent.  Seeds  fifteen 
to  eighteen,  3-3.2  mm.  long,  dark  brown. 

Dry  pine-land,  peninsular  Florida  (perhaps  also  in  southern 
Alabama). 

Florida.  Brevard:  Merritt's  Island,  A,  A,  Baldwin  2j  < 
September  i  (A) .  Dade :  Miami,  C.  L.  Pollard  &  G.  N.  Collins  24s 
<  April  4-7  (U,  Y).  Duval:  Jacksonville,  A.  H,  Curtiss 5156  > 
August  27  (U,  Y) .  Hillsboro :  Tampa,  N,  L.  Britton  &  P,  Wilson  7 
5  August  25  (Y).  Lake:  Eustis,  G.  V.  Nash  joi  >  May  1-15 
(U,  Y).  Lee:  Pine  Island,  S.  M.  Tracy  7242  >  May  14  (P,  U,  Y). 
Manatee:  Bradentown,  S.  M.  Tracy  708Q  >  June  15  (P,  U,  Y). 
Marion:  Fort  King,  Lieut.  Alden  (Y).  Orange:  Clarcona,  M. 
Meislahn  227  5  November  30  (U).  Pinellas:  Clearwater  Key, 
5.  Af.  Tracy  6536  >  April  21  (U).  Polk:  Lakeland,  Mrs.  T. 
Meehan^  March  (A).  Ste.  Lucie:  Fort  Pierce,  A.  B.  Burgess 
724  >  April  8-9  (Y).  Suwanee:  Live  Oak,  F.  W.  Pennell  Q7QQ 
>  May  23  (Y). 

(?)  Alabama.  Baldwin:  Bay  Minette,  /.  M.  Macfarlane  6f 
0.  Goertz  >  June  15  (P),  apparently  this,  but  petiolar  gland  is 
quite  small. 

7.  Chamaecrista  rostrata  Wooton  &  Standley 

Chamaecrista   rostrata  Wooton  &  Standley,  Contrib.  U.   S.  Nat. 
Herb.  16:  135.      F  12  1913.       **Type  in  the  U.  S.  National 
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Herl>ariufn,  no.  660032,  collected  in  sandy  soil  at  I.ogan  [New 

Mexico],  ()ctol)er  5,  1910,  by  Mr.  (ieo.  L.  Fisher  (no.  93)." 

Type  seen  in  Tnited  States  National  Herbarium. 

Annual.  Stem  erect,  1-3  dm.  tall,  branched,  finely  put>erulent 
o\'er  entire  surface  with  ascending-incurx^ed  hairs.  Stipules 
lanceolate-attenuate,  Klabn>us  or  nearly  so,  slightly  ciliate,  nervetl, 
4  6  mm.  long.  Petioles  2  4  mm.  long,  finely  pulx^rulent  with 
incurxxHl  hairs.  Petiolar  gland  single,  toward  distal  end  of  petiole, 
sessile,  slightly  sauaT-shape<l,  0.07  0.2  mm.  wide,  brown.  Ix^aflets 
five  to  nine  pairs,  7  12  mm.  long,  2  3  mm.  wide,  oblong,  obtuse, 
shortly  mucnmulate,  glabrous,  sc^arcely  finely  ciliolate,  paler 
tw-neath,  faintly  nerve<l.  Bracteoles  2  -3  mm.  long,  lanceolate- 
attenuate.  I*e<licx*ls  one  or  two  in  a  fiis<'icle,  7  10  mm.  long, 
finely  putnTulent  with  incurveil  hairs.  St*f>als  7  10  mm.  long, 
ovate-acuminate,  pul)erulent  on  the  midrib.  Petals  10  15  mm. 
long,  ovate-acuminate,  pulxTulent  on  the  midrib.  IVtals  10  15 
mm.  long,  anterior  excetnling  laterals.  Stamens  ten,  une<)ual, 
two  longer;  anthers  6  8  mm.  long,  purple,  l-i^^umes  3  4.5  cm. 
long,  4-  5  mm.  wide,  appresse<l-pul)erulent  with  an  evident  iK^ak, 
I    2  mm.  long.     Seeds  six  to  nine,  3  mm.  long. 

S*indy  soil.  Stakcnl  Plains  of  northwestern  Texas,  southwestern 
Kans.is  and  eastern  New  Mexico. 

IC\\s\s.  Morton:  Richfield,  7.  A'.  Rose  ///^c;  i^  Si'ptemU'r 
20  (T). 

Texas.  Hemphill:  Canadian,  A.  11.  Ilourll  87  >  July  (l). 
'•Staketl  Plains,"  G.  H\  Ilolstein  (A). 

New  Mkxk  ().     Quay :  Logan.  G.  L.  Fisher  gj  >  (ktolier  5  (.D- 

8.  CnAMAK(  RisTA  FAS<  ici'i-KtA  (Michx.)  («rt*i*ne 

Cassia  fascuulata  Michx.  ¥\.  Bor.  Amer.  i:  262.  1803.  **IIab' 
in  Pensylvania  et  Virginia.**  Ty[x*  not  seen  nor  verifietl,  but 
description  sufficiently  indicates  this  plant. 

Chafnatirista  Jasciculata  ['Jascicularis**\GTvrt\v,  Pittonia  3:  242. 
l8<>7. 

Chamctcrista  hellula  Pollard,  Pnx*.  Biol.  S<h\  Wash.  15:  |c>.  i()o2. 
**Type  in  the  Tniteil  States  National  Herluirium,  collectetl  by 
Prof.  S.  M,  Tracy  at  St.  Vincent,  Florida.  SeptemU'r  <).  l8<><) 
(No.  6,326).**  Ty[K',  collectwl  St»pteml)er  4,  iHw.  s<^-n  in 
the  rnite<l  States  National  Herlurium.  Perhajw  a  small- 
leaved  form  of  the  M>uthern  (\)astal  Plain. 
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Chamaecrista  camporum  Greene,  Pittonia  5:  108.     1903.     "Type 

specimens  collected  by  myself  at  Monticello,  Illinois,  7  August, 

1899."     Type  not  seen  nor  verified,  but  description  evidently 

of  this  species. 

Cassia  Chamaecrista  L.  (Sp.  PI.  379.  1753.  ''Habitat  in 
Jamaica,  Barbados,  Virginia")  is  composite,  and  should  be  typified 
by  "  Chamae  Crista  pavonis  americana,  siliqua  multiplici,"  Breyn. 
Cent.  66:  pi,  24,  from  Curasao.  This  is  the  species  usually  known 
as  Cassia  diffusa  DC,  an  ally  of  C.  nictitans  L.  The  Linnaean  diag- 
noses, here,  in  Hort.  Ups.  loi,  1748,  and  in  Hort.  Cliff.  158,  1737, 
will  apply  to  this,  the  phrase  "glandula  petioli  pedicellata"  di- 
rectly excluding  our  plant. 

Annual.  Stem  erect,  3-9  dm.  tall,  much  branched,  puberulent 
in  lines  with  ascending  incurved  hairs.  Stipules  linear-attenuate, 
glabrous  or  nearly  so,  ciliate,  many-nerved,  5--10  mm.  long. 
Petioles  5-8  mm.  long,  puberulent  with  incurved  hairs.  Petiolar 
gland  single,  near  middle  or  toward  distal  end  of  petiole,  sessile 
or  nearly  so,  depressed  saucer-shaped,  round  or  slightly  oval, 
0.5-1.5  mm.  wide,  dark  brown  to  brown.  Leaflets  six  to  twelve 
(or  fifteen)  pairs,  10-20  mm.  long,  2-5  mm.  wide,  oblong-linear, 
obtuse  to  acute,  shortly  mucronulate  to  mucronate,  glabrous 
(rarely  very  finely  puberulent),  finely  ciliolate,  paler  beneath, 
evidently  nerved.  Bracteoles  3-5  mm.  long,  linear-attenuate. 
Pedicels  one  to  six  in  a  fascicle,  10-20  mm.  long,  finely  or  sparsely 
puberulent  with  incurved  (rarely  somewhat  spreading,  then  short) 
hairs.  Sepals  9-12  mm.  long,  lanceolate-acuminate,  more  or  less 
pubescent  on  the  midrib.  Petals  10-17  n^™-  long,  anterior  slightly 
exceeding  laterals.  Stamens  ten,  unequal,  two  longer ;  anthers  8-10 
mm.  long,  yellow  or  reddish  (especially  southwestward).  Legumes 
4-5  cm.  long,  5-5.5  mm.  wide,  appressed-puberulent  or  glabrate 
on  the  sides,  with  a  beak  usually  short  but  reaching  1.5  mm.  long. 
Seeds  six  to  fifteen,  3-3.2  mm.  long. 

Moist  to  dry,  usually  sandy,  open  places,  southeastern  Massa- 
chusetts to  Florida  and  central  Texas,  inland  to  northern  Ohio, 
southern  Minnesota  and  central  Kansas.  Abundant  in  many 
parts  of  the  southeast,  especially  in  the  Atlantic  Coastal  Plain. 
Northeast  of  Virginia,  rare  above  the  Fall  Line,  on  the  Serpentine 
and  occasionally  elsewhere  in  southeastern  Pennsylvania. 

Variable,  and  doubtless  hybridizes  with  allied  species.  South- 
eastward probably  passes  into  the  little-known  variety  7  south- 
ward through  the  lower  Alleghenies  and  the  lower  Mississippi 
valley  passes  into  the  very  pronounced  variety  j8. 
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Massachusetts.  Barnstable:  Woods  Hole,  T,  Morong  > 
August  lo  (Y);  also  Plymouth  County. 

Rhode  Island.     Providence:  East  Providence,  J.  F,  Collins 

>  August  26  (l*);  also  Washington  County. 

CoNNECTlciT.  Fairfield:  Greens  Farms,  C.  L.  Pollard  232 
2  August  16  (V). 

New  York.  Nassau:  lx>ng  Beach,  F.  W.  Pennell  2312^ 
October  \2  (Y);  also  Bronx,  Richmond,  Suffolk  and  Westchester 
Counties. 

New  Jersey.     Cape  May:  Cape  May,  F.  W\  Pennell  2223 

>  August  4  (C);  also  Atlantic,  Bergen,  Camden,  Cumberland, 
(iloucester,  Middlesex,  Monmouth,  Ocean,  Passaic  and  Somerset 
Counties. 

Pennsylvania.  Delaware:  Williamson  School  (serpentine), 
f.  ir.  Pennell  1640  (Y);  also  Allegheny,  Beaver,  Berks,  Chester, 
Dauphin,  Huntingdon,  Lancaster  and  Montgomery  Counties. 

Deij^wark.    Sussex:  Milton,  A.  Commons  >  August  17  (A). 

MARYiJiND.  Cecil:  Bacon  Hill,  F.  H'.  Pennell  1616  >  August 
4  (Y);  also  Dorchester  and  Queen  Anne  Counties. 

ViR(;iNiA.     Princess  Anne:  Virginia  Beach,  T,  //.  Kearney  2136 

<  Octol)er  6  (D;  also  Accomac.  Fairfax,  HanoN^er,  Norfolk  and 
Warren  Counties. 

West  Vir(;inia.  Jefferson :  Harpers  Ferr>',  DehviUer,  August  6 
(A). 

North  Carolina.  Bun(X)ml)e:  Biltmore,  BUtmore  herbarium 
180b  >  July  30  (P.  I',  Y);  also  Carteret,  Cherokee,  Crax-en, 
Forsyth,  Orange,  Polk  and  Rowan  Counties. 

Soi'TH  Carolina.  Orangeburg:  Eutawvnile,  H'.  W.  F.^gleston 
4q8o  >  Septeml)er6  11  (Y):  also  Aiken  and  Berkeley  Counties. 

CiHORcaA.  Chaltcx)ga:  Summer\'ille,  C.  L.  Pollard  &  \\\  R, 
Maxon  446  >  August   7  8   (T).     C.ilmer:   Ellijay.   J.   K.   Small 

>  August  13  16  (Y).  Sumter:  R,  M,  Harper  1003  >  July  5 
l\\  Y).  Whitfield:  Datton.  R.  M.  Harper  jy^  >  August  10 
(l\  Y). 

Fu)Rii)A.     Franklin:  St.   X'incent   Od),   .V.    .\f.    Tracy  O326 

<  SeptemUr  4  tC,  Y). 

Alabama.  (May:  Talladega  Crtx»k.  C,  Mohr  >  August  I  (T). 
Dekalb:  Mentone.  ('.  3/o/rr  L"  Si»ptemUT  2  (T).      Jt-fTcr^on:  Bir- 
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mingham,    C.   Schuchert  >  October   9    (U,   Y).     Lee:   Auburn,* 
F.  S,  Earle  &r  C.  F.  Baker  >  August  17  (Y). 

Mississippi.     Carroll:  E.  Smith  (U). 

Tennessee.  Chester:  Henderson,  5.  M.  Bain  54  p,p  > 
August  (Y).  Knox:  Knoxville,  A.  Ruth  2202  >  June  (Y). 
Marion:  South  Pittsburg,  C.  L,  Pollard  6r  W.  R.  Maxon  4og  > 
August  3-4  (U,  Y).  Monroe:  Madisonville,  F.  L.  Scribner  > 
August  (U).  Roane:  Post  Oak  Springs,  C.  L.  Pollard  &  W.  R. 
Maxon  413  >  August  6  (U). 

Kentucky.     On  Red  River,  R.  Peter  >  July  (Y). 

Ohio.     Erie:  Oxford  prairie,  E.  L,  Moseley  >  August  6  (U). 

Indiana.     Newton:  Roselawn,  H.  Hahn  (U). 

Illinois.  Cook:  Calvary,*  F.  C  Ga/e5  >  August  21  (U); 
also  Vermilion*  County. 

Wisconsin:  Trempeleau:  Trempeleau,  T.  7.  Hale  (A). 

Minnesota.  Brown:  Sleepy  Eye,  £.  P,  Sheldon  >  July 
(U,  Y) ;  also  Houston  and  Nicollet  Counties. 

South  Dakota.  Minnehaha:  Sioux  Falls,  Thornber  >  August 
(U). 

Iowa.  Story:  Ames,  L.  H.  Pammel  fir  C.  R.  Ball  20  >  July  18 
(U,  Y);  also  Buchanan,  Decatur,  Fayette,  Hardin  and  Johnson 
Counties. 

Nebraska.  Lancaster:  Lincoln,  7.  G.  Smith  >  September 
(C) ;  also  Cass  County. 

Missouri.  Greene:  Springfield,  P.  C.  Standley  8322  >  August 
28  (U).  Jackson :  Courtney,  B,  F.  Bush  648Q 5  August  19  (U,  Y). 
Marion:  Oakwood,  7.  Davis  302  >  July  17  (U).  Mississippi: 
Charleston,  0.  Kuntze  2862  <  September  9  (Y).  St.  Louis:  St. 
Louis,  N.  Riehl  87  >  August  (Y).  Washington:  Potosi,  F.  Peck 
(U). 

Kansas.  Geary:  Fort  Riley,  E.  E.  Gayle  538  >  July  20  (Y); 
also  Douglas,  Lyon,  Riley  and  Shawnee  Counties. 

Arkansas.  Miller:  Texarkana,  A,  A,  &?  E,  G,  Heller  4133  > 
August  23  (A,  U,  Y)  (leaflets  minutely  puberulent).  Nevada:  4  m. 
se.  of  Prescott,  M.  P.  Hollister  25  >  June  17  (U).  Pulaski:  Little 
Rock.  //.  £.  Hasse  (Y). 

Oklahoma.  Creek:  Sapulpa,  F.  W.  Pennell  53g2  >  Septem- 
ber 8  (P).     Payne:  Stillwater,  F.  A.  Waugh  358  (U). 

♦  Approaching  C.  fasciculata  fi . 
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Lx>ulsiANA.     Caddo:  Shreveport,  Gregg  >  September  4  (A). 

Texas.  Hays:  San  Marcos  and  vicinity,  5.  W.  StanJUld  (Y). 
Parker:  Weatherford.  5.  M.  Tracy  8026  >  June  3  (P.  Y).  Travis: 
Austin,  F.  W,  PenntU  $430  >  September  13  (P)  (anthers  purple). 
Walker:  Huntsville,  R.  A.  Dixon  400  >  July  9-12  (Y). 

8a.  Chamaecrista  fasciculata  fi 

Cassia  Chamaecrista  robusta  Pollard,  Bull.  Torrey  Club  31:218. 

1H94.     **Type  a  single  specimen   in   the  Columbia   College 

Herl>arium  collected  by  Dr.  C.  VV.  Short  in  the  mountains  of 

Kentucky.**     Type  seen  in  the  herbarium  of  Columbia  Tni- 

vcnMty  at  the  New  York  Botanical  Garden. 
Cassia  robusta  Pollard,  Ix,  34:  150.     1897. 
Chamaecrista   robusta   Pollard;   Heller,  Cat.  N.   A.  PI.  2d  ed.  5. 

igoo. 

Stem  stouter,  6-15  dm.  tall,  more  or  less  densely  hirsute  alnne 
with  spreading  hairs.  Stipules  lanceolate-attenuate,  10  14  mm. 
long.  Petioles  hirsute-put>escent.  leaflets  nine  to  eighteen 
pairs.  15-20  mm.  long,  3-6  mm.  wide.  Bracteolt^  4  6  mm.  long. 
Pe<licels  15  25  mm.  long,  hirsute  with  spreading  hairs.  Sej>als 
hirsute  on  the  midrib.  Petals  15  20  mm.  long.  l-egumt*s  5  7 
cm.  long.  6  7  mm.  wide.  hir8ute-pul>escent.  Otheruist*  as  in  the 
s}>ecies. 

Moist  to  dry  soil,  more  fretjuently  in  low  gn)und.  and  most 
abundant  on  alluvial  soil,  southern  Ohio  to  northern  Florida, 
eastern  Missouri  and  lA>uisiana.  Throughout  the  lower  Mississippi 
valley.  m<istly  in  alluvial  soil;  also  pushing  up  into  the  valleys  of 
the  southern  Alk^henies.  In  southern  l^>uisi.ina,  where  I  have 
ctJIected  it,  seemingly  quite  distinct  from  C.  fauiruluta,  but  study 
of  s|>ecimens  shows  a  surprising  numlwr  of  intermtnliates. 

(.korcia.  Clarke:  R.  M,  Harper  >  (Y).  Floyd:  Rome,  C, 
McCarthy  ji I  >  July  (T). 

Fu>Rii>A.     l^Hin:  TallahasMH*.  .V.  K,  Brrf^  lY). 

AlJ^UAMA.  Baldwin:  Tens*iw.  .V.  M,  Traiy  SiHHj,  SojS  > 
August  22  <P.  r.  Y).  BarlK>ur:  Eufaula,  G,  MiCarthy  >  August 
<r).  Clay:  Delta.  C.  .\fohr  iC).  Ixe:  .Auburn.  F.  S,  <>  E.  S. 
Earlr  JO  >  SeptemU»r  14  tC  Y).* 

*  Approacbtng  the  tvpual  form  <>(  ihr  «{h\i(« 
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Mississippi.  Franklin :  Florence,  E,  G.  Holt  17  >  July  25  (U). 
Jasper:  S,  Deavoms  2942  (U).  Noxubee:  Prairie  Pointy  Mrs, 
P.  A.  L.  Carpenter  <  October  (U).  Oktibbeha:  Agricultural 
College,  C.  L.  Pollard  1276  >  August  11-17  (U,  Y). 

Tennessee.  Chester :  Henderson,  5.  Jlf .  Bain  54  p,p,  >  August 
(U,  Y).     Franklin:  Cowan,  A,  Ruth  >  July  (U).* 

Kentucky.  Lincoln:  Crab  Orchard,  C.  W.  Short  (A).  ''Moun- 
tains of  Kentucky,"  C.  W.  Short  (A,  Y). 

Ohio.     "In  ditione  Miami,"  Dr,  Frank  (U). 

Illinois:  Cass:  Little  Indian,  F.  C.  Gates  >  July  7  (U). 
Peoria:  Peoria,  F.  £.  McDonald  >  September  (Y).  Richland: 
R.  Ridgway  (U). 

Missouri.  Polk:  Graydon  Springs,  P.  C,  Standley  qSqs  < 
September  7  (U).  St.  Louis:  St.  Louis,  0.  Kuntze  2773  >  Sep- 
tember 6  (Y). 

Arkansas.  Ouachita:  Camden,  A,  H,  Howell  618  >  July  7 
(U). 

Louisiana.  Avoyelles:  Marksville,  W,  L.  McAtee  2185  > 
September  12  (U).  West  Feliciana:  Baines,  F.  W,  Pennell  427s 
>  August  21  (P,  Y). 

86.  Chamaecrista  fasciculata  7 
Cassia  depressa  Pollard,  Bull.  Torrey  Club  22:  515.  pi,  25.     1895. 

'*Low  pine  woods.   River  Junction,   Gadsden   Co.,   Florida. 

G.  V.  Nash,  September  5,  1895  (no.  2571)."     Type  seen  in  the 

herbarium  of  Columbia  University  at  the  New  York  Botanical 

Garden. 
Chamaecrista  depressa  Greene,  Pittonia  3:  242.     1897. 

Stems  spreading-ascending,  slender,  1-3  dm.  tall,  diffusely 
branched  below.  Petioles  2-5  mm.  long.  Petiolar  gland  .3-1  mm. 
wide.  Leaflets  six  to  ten  pairs,  8-12  mm.  long,  2-3  mm.  wide. 
Bracteoles  3-4  mm.  long.  Pedicels  1-3  in  a  fascicle,  hirsute  with 
spreading,  and  also  in  part  with  fine  incurved  hairs.  Sepals  8-10 
mm.  long,  hirsute  on  the  midrib.  Legumes  spreading-pubescent. 
Otherwise  as  in  the  species.  Not  satisfactorily  known,  but  cer- 
tainly not  a  distinct  species. 

Open  pine-woods,  Apalachicola  River  hills,  northwestern  Flori- 
da. 

Florida.     Gadsden:   Chattahoochee,    5.    Af.    Tracy  3956  > 
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August  23  (U,  Y) ;  River  Junction,  i4.  //.  Curtiss  5980  >  September 

8a\  Y}. 

c).  Chamaecrista  MississiPPiENsis  (Pollanl)  Pollard 

Cassia  mississippiensis  Pollard,  Bull.  Torrey  C^lub  31 :  219, 
18^4.  **Type  in  herliarium  of  Columbia  College,  a)llerted  by 
Miss  K.  Skeehan,  i88g.  at  Ocean  Springs,  Missisbippi."  Type 
collected  Noveml)er  7.  1889,  seen  in  the  hertmrium  of  (\}lumbia 
Cniversity  at  the  New  York  Botanical  Ganlen.  Several 
specimens  on  sheet;  these,  originally  descrilxxl  as  'Suflfniti- 
cose."  are  apparently  lateral  shcxns  of  a  dwarfe<l  diflfuscly 
brancheil  plant. 
Ckamatcrista  mississippi^sis  Pollard;  Heller,  Cat.  N.  A.  PI.  2d 

ed.  5.     1900. 
Chamaecrista    Trcuyi   Pollard,   Phk*.    Biol.    S<k\   Wash.  15:    21. 
i«^o2.     **Type  in  the  Cnite<l  States  National  HerlKirium,  tx>l- 
lrcte<l  by  Pn>f.  S.  M.  Tracy  at  Koshtaw,  Miss..  SeptemU'r  15, 
1898/'     Type,  Tracy  4914,  aillected  (X*tol)er  15.   1898.  seen 
in  the  Cnited  States  National  Herlwirium. 
Annual.     Stem  erect  or  ascending,  2-6  dm.  tall,  slender,  often 
difTusiely  brancheil  at  l>ase,  finely  puberulent  with  ascending  in- 
curved hairs.     Stipules  lanceolate-attenuate,  glabmus  or  nearly 
?iO,  cilia te,  4-7  mm.  long.     Petioles  2-  5  mm.  long,  pulierulent  with 
incur\*ed  hairs.     Petiolar  gland  single.  se>sile,  depressetl  sau(^r- 
!khape<l,  .3-.6  mm.  wide,  dark-bnmn.     l^*aHets  six  to  fifteen  |)airs. 
5  12  mm.  long.  23  mm.  wide,  ellij>M)id  linear-lanceolate,  acutish 
to  acute- mucn)nate,  apprt*sse<l-pulK'rulent,  not  cilia  te,  ol)scurely 
nerved.     Bracteoles   2  3    mm.    long,    linear-attenuate.     Pe<licels 
one  to  three  in  a  fascicle,  6-  15  mm.  long,  finely  pulx^rulent  with 
incur\'c<l  hairs.     Sepals  5-10  mm.  long  (in  the  bud  longer  than 
the  petals),   linear-lanceolate,  long-attenuate,  a ppresse<l -pulveru- 
lent.    Petals  8  15  mm.  long,  anterior  slightly  exci^eding  laterals. 
Stamens  ten,  une<|ual,  two  longer;  anthers  7  <)  mm.  long,  yellow. 
I^egumes  3-5  cm.  long,  5  mm.  wide,  appress<*d-pul)erulent.     See<ls 
MX  to  fifteen. 

Moist  sandy  pine-land,  southern  Mississippi  and  I^>uisiana, 
extending  ap(>arently  into  southern  Alabama  and  southeastern 
Texas. 

AuiBAMA.  Lee:  Auburn,  F.  S.  EarU  &  C,  F,  Baker  >  August 
(D. 
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Mississippi.  Copiah:  L.  R,  Gibbes  >  August  (Y).  Harrison: 
Biloxi,  F,  W.  Pennell  4378  >  August  28  (P).  Jackson:  Scranton, 
S.  M.  Tracy  4436  >  August  29  (U). 

Louisiana.  Caddo:  Shreveport,  F.  5.  Earle  >  June  (Y). 
Plaquemines:  Breton  Island,  S.  M,  Tracy  6f  F.  E.  Uoyd  iq8  p.p. 

>  August   17   (P).     Rapides:  Alexandria,   C.  R.  Ball  540  p.p. 

>  June  3  (U,  Y).  St.  Landry:  Opelousas,  C.  Mohr  >  March  15 
(U).  St.  Tammany:  Abita  Springs,  F.  W.  Pennell  4228  >  August 
16  (P,  Y). 

Texas.     Harris:  La  Porte,  G.  L.  Fisher  643  >  August  15  (U). 

9a.  Chamaecrista  mississippiensis  j8 

Chamaecrista  littoralis  Pollard,   Proc.   Biol.  Soc.  Wash.  15:  20. 

1902.     "Type,   No.  371,572   in  the  United  States  National 

Herbarium,  collected  by  Prof.  S.  M.  Tracy  and  Prof.  F.  E. 

Lloyd  on  Breton  Island,  La.,  August  17,  1900  (No.  198)." 

Type  seen  in  the  herbarium  of  the  United  States  National 

Museum. 

Stems  mostly  stouter,  4-8  dm.  tall,  erect.  Leaflets  7-15  mm. 
long.  Pedicels  hirsute  with  spreading,  sometimes  also  with  shorter 
incurved  hairs.  Legumes  hirsute-pubescent.  Otherwise  as  in 
the  species. 

Sandy  soil,  in  the  Coastal  Plain,  mostly  near  the  Gulf  coast,  on 
dunes  and  in  pine-land,  western  Florida  to  eastern  Texas. 

Florida-.    Wakulla:  St.  Marks,  F.  Rugel  >  June  (Y). 

Alabama.     Mobile:  Hollanders  Island,   F,   W,  Pennell  4506 

>  September  2  (P,  Y) ;  Theodore,  F.  W,  Pennell  4444  >  August 
30  (P,  Y). 

MississiPPL  Clarke :Shubuta,  C.  Schuchert  >  October  11  (U). 
Harrison:  Cat  Id.,  F.  E.  Lloyd  &  5.  M.  Tracy  /*j  S  August  26 
(U,  Y).  Jackson:  Horn  Id.,  5.  M.  Tracy  6927  >  July  14  (U). 
Wayne:  Waynesboro,  C.  L,  Pollard  1217  >  October  8-9  (U,  Y). 

Louisiana.     Calcasieu:   Lake    Charles,    S.    M,    Tracy   3957 

>  August  7  (U).  Plaquemines:  Breton  Island,  F.  E.  Uoyd  6r 
5.  M,  Tracy  ig8  p.p,  <  August  17  (U,  Y.). 

Texas.    San  Augustine:  San  Augustine,  C  L,  Crocket  (U). 
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lo.  Chahaecrista  puberula  Greene 

Ckamatcrisia  puberula  Greene,  Pittonia  5:  134.  1903.  '*On 
(^^Iveston  Island  (Texas),  23  Sept.  1901  [S.  M.  Tracy)." 
Co-t\pe  of  Tracy,  7797,  seen  in  the  herbarium  of  the  New  York 
Bf)tanical  Garden. 

Annual.  Stem  erect,  4-8  dm.  tall,  puberulent  with  ascending- 
inrurx-ed  hairs.  Stipules  lanceolate-acuminate,  nerved,  puberu- 
k-nt,  finely  ciliate,  4-5  mm.  long.  Petioles  3-6  mm.  long,  puberu- 
lent with  incurved  hairs.  Petiolar  gland  single,  short-pediceled 
to  sr^isile.  discoid  to  slightly  saucer-shaped,  0.5-1  mm.  wide,  dark- 
l»mwn.  Leaflets  ten  to  fifteen  pairs,  10-18  mm.  long,  2-4  mm. 
miclc,  linear-lanceolate,  acutish  to  acute-mucronate,  densely  puber- 
ukrnt.  not  ciliate,  midrib  evident,  elsewhere  obscurely  nerved. 
Bracte<)le«>  1-2  mm.  long,  lanceolate-ovate.  Pedicels  one  to  three 
in  a  fascicle.  5-20  mm.  long,  puberulent  with  incurved  hairs. 
Vt»l»  6-8  mm.  long  (in  the  bud  shorter  than  the  petals),  ovate- 
Unceolate,  acute  to  short-acuminate,  pubescent.  Petals  10-15 
mm.  long,  anterior  slightly  exceeding  laterals.  Stamens  10, 
unequal,  2  longer;  anthers  4-5  mm.  long,  deep  purple.  Legumes 
5  ^  cm.  long,  4-5  mm.  wide,  appressed-puberulent.  Seeds  eight 
to  frmrteen,  3.7-4  mm.  long. 

Moist  to  dry  sandy  soil,  southern  Texas. 
Texas.  Colorado: Sheridan,  F,  W.  PenneUsSjS  >  September 
21  fP.  Y).  Dewitt:  Cuero,  A.  IL  Howell  252  >  July  7  (U). 
C^lve*ton:  Galveston,  F.  W.  Pennell  5574  >  September  23 
P,  Yj.  Lavaca:  Hallettsville,  C  L.  Fisher  /2d  5  August  (l-). 
\ue<-e?i:  Kings  Ranch,  V.  Bailey  251  >  May  10  (I').  Robert- 
wm :  Heame,  F,  W.  Pennell  5418  >  September  1 1  (P,  Y).  Webb: 
Urrdo,  A.  SchoU  //o  >  June  (Y).  Wharton:  Pierce,  5.  M. 
Trtuy  77q6  >  September  16  (U,  Y),  anther-sacs  yellowish  or 
reddish. 

II.  Chamaecrista  leptadknia  (Greenman)  Cockerell 

Cassia  Uptadenia  Greenman,  Pr<K.  Amer.  Acad.  41:  238.     1905. 

"48  km.  ea»t  of  El  Pas<),  May  to  Octolwr,  1849,  Chas.  HVi^A/, 

no.   154  (hb.  Gray)."     Co-type   seen    in    the    Tnited  States 

National  Herbarium. 
Chawtoifrista  Upiadenia  CcKkerell.  MuhlcnlK-rKJa  4:  M.     i<>()H. 

Annual.     Stem  erect,  slender,  i   5  dm.  tall,  hf)aringly  branchtfl, 
puberulent  in  lines  with  incur\'e<l  to  8i)readinK  hairs.     Siif)ijles 
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linear-attenuate,  glabrous  or  nearly  so,  conspicuously  ciliate, 
nerved,  5-7  mm.  long.  Petioles  2-5  mm.  long,  puberulent  with 
incurved  hairs.  Petiolar  gland  single,  stalked,  discoid,  0.2-0.3 
mm.  wide,  nearly  black,  stalk  brown.  Leaflets  twelve  to  sixteen 
pairs,  8-12  mm.  long,  1-2  mm.  wide,  oblong-linear,  acutish, 
mucronate-tipped,  glabrous,  strongly  ciliate,  obscurely  nerved. 
Bracteoles  1-1.7  mm.  long,  lanceolate.  Pedicels  one  or  two  in  a 
fascicle,  3-5  mm.  long,  appressed-puberulent.  Sepals  4-5  mm. 
long,  lanceolate,  acuminate,  hirsute.  Petals  3-6  mm.  long, 
anterior  twice  exceeding  laterals.  Stamens  unequal;  anthers  2 
mm.  long,  yellow  (?).  Legumes  3-4.2  cm.  long,  3-4  mm.  wide, 
appressed-puberulent.  Seeds  ten  to  eighteen,  3  mm.  long,  very 
thin,  light-brown. 

Dry  soil,  western  Texas  to  southeastern  Arizona. 

Texas.  El  Paso:  C.  Wright  154  (U).  Presidio:  Chenates  re- 
gion, G.  C.  Nealley  541  (U). 

New  Mexico.  Dona  Ana:  Organ  Mountains,  £.  0.  Wooton 
435  <  September  i   (Y).     Luna:  Floridas,  A,  I.  Mulford  1038a 

>  August  2  (Y). 

Arizona.     Cochise :  Bowie ;  Chiricahua  Mts.,  7.  C,  Blumer  2086 

>  August  30  (U);  Fort  Huachuca;  Tucson.  Pima:  Santa  Rita 
Mountains,  D.  Griffiths  6r  7.  /.  Thornber  212  (U,  Y). 

12.  Chamaecrista  nictitans  (L.)  Moench 

Cassia  nictitans  L.  Sp.  PI.  380.  1753.  ''Habitat  in  Virginia." 
Typified  by  L.  Hort.  Cliflf.  497.  pi.  36,  1737,  where  an  excellent 
description  and  figure  are  given. 

Cassia  procumbens  L.  Lc,  380.  1853.  ''Habitat  in  Indiis." 
Based  wholly  upon  "Cassia  americana  procumbens,  herbacea, 
mimosae  foliis,  floribus  parvis,  siliquis  angustis,  planis,"  A.  J. 
A[mmann],  Comm.  Petrop.  12:  238-242  (cited  erroneously 
by  Linnaeus  as  "Comm.  petrop.  t.  11").  This  is  fully  de- 
scribed and  is  unquestionably  Chamaecrista  nictitans  (L.) 
Moench.  The  type-locality  is  stated  "circa  Philadelphiara 
urbem  in  Pensylvania,  Americae  septentrionalis  provincia, 
sitam."  There  appears  to  have  been  no  specimen  in  the 
Linnean  herbarium  in  1753,  and  the  species  is  not  checked  by 
Linnaeus  until  his  third  list  in  1767.  The  West  Indian  plant 
known  until  recently  by  this  name  has  been  described  by  Dr. 
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Britton  as  Chanuiecrista  micrantha  Britton,  Bull.  Torrey  Club 
43:  463.     O  20  1916. 

Ckamaecrisla  nutilans  Moench,  Meth.  272.     1794. 

SUtiuUa  amena  Raf.  Sylv.  Tellur.  128.  1838.  New  name  for 
Cassia  nktitans  L.,  tyf)e  of  the  genus  NictiUlla  Raf. 

Cassia  Chamatcrisla  nktitans  Kuntze,  Rev.  Gen.  PI.  i :  169.     1891. 

Ckawtaecrista  nic/tVanj  commixta  Pollard  &  Maxon,  Proc.  Biol.  Soc. 
Wash.  14:  163.  1901.  **Type  in  U.  S.  National  Herbarium, 
N«-  357.069.  collected  by  Charles  L.  Pollard  and  William  R. 
Maxon  in  alluvial  soil  along  the  New  River  at  Quinnimont, 
W.  Va.,  August  21,  1899  (No.  31)."  Type  seen  in  the  United 
States  National  Herbarium. 

Cassia  niciitans  commixta  Millsp.  W.  Va.  Geo!.  Surv.  5:  283.    1913. 

Annual.  Stem  erect,  1-4  dm.  tall,  much  branched,  puberulent 
with  incurved  hairs.  Stipules  lanceolate-attenuate,  glabrous  or 
nrarly  «>.  ciliate.  nerved,  5-8  mm.  long.  Petioles  4-9  mm.  long, 
puberulent  with  incur\'ed  hairs.  Petiolar  gland  single,  shortly 
tx-Uiw  proximal  leaflets,  stalked,  discoid  or  nearly  so,  0.3-0.8  mm. 
wi<le,  dark-brown.  Leaflets  nine  to  eighteen  pairs,  7-15  mm.  long, 
2  4  mm.  wide,  oblong-linear,  obtuse,  mucronate,  glabrous,  not 
filiate,  j>aler  Ijeneath,  obscurely  nerved.  Bracteoles  1.5-2  mm. 
l*mtc.  lanceolate.  Pedicels  one  to  two  or  three  in  a  fascicle,  2-4 
mm.  long.  appressed-pul)erulent.  Sepals  3  4  mm.  long,  lanceo- 
Utr,  acuminate,  put)erulent  on  the  midrib.  Petals  3-8  mm.  long, 
anterior  twice  exceeding  laterals.  Stamens  unequal,  five;  anthers 
2  mm,  long,  pinkish.  Legumes  2.5  4  cm.  long.  4  6  mm.  wide, 
afffM-rssffl-pulx^scent.  Seeds  six  to  nine,  3  mm.  long,  thick,  dark- 
bniwn. 

Sandy  M*il,  or  sterile  stjil,  frecjuently  along  roadsides,  probably 
nrar  the  iKinlers  of  its  range  introduct^d,  southern  Vermont  and 
Khfide  Ktand,  to  eastern  Kansiis,  Georgia  and  Texas. 

Vkrmont.     Windham:  Vernon,  A,  J.  Grout  >  August  6  (D. 

Rhode  IsI-A.nd.  Providence:  ElmwcKnl,  J.  F.  Collins  > 
Augu«^t  25  (T). 

('onne<TI(  IT.  Fairfiekl:  BridgefK>rt.  E.  II,  Kamrs  <  Svp- 
Irmlirr  14  iV). 

NhW  York.  Westchester:  Mount  Kis<*(),  F,  W.  Pntnell 
/V/J  <  Septemljer  26  (V);  als^j  .Mbany.  Bronx.  Oraii^je,  Putnam, 
yuem»,  Reniuiclaer,  Richmond  and  Suffolk  Counties. 
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New  Jersey.  Bergen:  Alpine,  F.  W.  Pennell  6532  <  Sep- 
tember 12  (Y);  also  Atlantic,  Burlington,  Camden,  Cape  May, 
Gloucester,  Middlesex,  Morris,  Ocean  and  Sussex  Counties. 

Pennsylvania.     Chester:    Unionville,    F.    W.    Pennell    qq2 

<  October  3  (A) ;  also  Beaver,  Berks,  Bucks,  Delaware,  Lancaster, 
Lehigh,  Montgomery,  Northampton  and  Philadelphia  Counties. 

Delaware.  Sussex:  Milton,  A.  Commons  >  August  17  (A); 
also  Kent  and  Newcastle  Counties. 

Maryland.     Queen  Anne:  E.  G,  Vanaita  >  August  29  (A). 

Virginia.  Augusta:  Staunton,  W,  A,  Murrill  <  September  5 
(Y) ;  also  Botetourt,  Hanover,  and  Princess  Anne  Counties. 

West  Virginia.  Fayette:  Quinnrmont,  C.  L,  Pollard  &  W.  R. 
Maxon  31^  3g  <  August  21  (U,  Y) ;  also  Ritchie  County. 

North  Carolina.  Buncombe:  Biltmore,  Biltmore  Herbarium 
i8ib  >  August  14,  <  September  28  (P,  U,  Y);  also  Cherokee, 
Craven,  Haywood,  Iredell,  Orange,  Polk  and  Swain  Counties. 
Pasquotank:  Elizabeth  City,  F,  L.  J.  Boettcher  2gi  >  August  26 
(U,  Y)  (leaflets  but  6-7  mm.  long  and  pubescence  of  upper  part 
of  stem  spreading;  perhaps  a  coastal  form). 

South  Carolina.     Pickens:  Six  Mile  Creek,  H.  D,  House 3078 

<  October  22  (U). 

Georgia.  Chattooga:  Summerville,  C.  L.  Pollard  6f  W.  R. 
Maxon  435  >  August  7-8  (U).  DeKalb:  Stone  Mountain,  C.  L. 
Pollard  &  W.  R.  Maxon  463  >  August  10-12  (U).  Whitfield: 
Dalton,  R,  M,  Harper  3Q5  >  August  10  (U,  Y). 

Alabama.  Clay:  Elders,  C,  Mohr  >  July  30  (U).  Dekalb: 
Mentone,  C.  Mohr  >  September  i  (U).  Lee:  Auburn,  F.  5. 
Earle  >  September  12  (Y). 

Mississippi.  Claiborne:  Martin,  /.  W,  White  2Q44  >  Sep- 
tember 12  (U).  Oktibbeha:  Starkville,  5.  M.  Tracy  1422  <  Sep- 
tember I  (U,  Y). 

Tp:xnessee.     Knox:  Knoxville,  A.  Ruth  2QI  <  August  (Y). 

KENTrcKY.  Bell:  Pine  Mt.,  T.  H,  Kearney  4^6  <  September 
(U) ;  also  Lyon  County. 

Ohio.     Fairfield:  Lancaster,  W.  A.  KelUrmann  >  August  18 

Indiana.     Lake:  ToUeston,  W  H.  Chase  2q8  <  September  23 
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IixiNois.     Henderson:  Oquawka,  H.  N.  Patterson  (U). 

Missouri.  Barry:  Eagle  Rock,  B.  F,  Bush  44  <  September 
2l^  (l\  Y);  also  Greene,  St.  Louis  and  Scott  Counties. 

Kansas.     Cherokee:  A.  S,  Hitchcock  668  (U.  Y). 

Arkansas.  Benton:  £.  N.  Plank  (Y).  Pulaski : Little  Rock, 
//.  E.  Hasse  >  August  26  (Y). 

Oku^homa.  Le  Flore:  "9  m.  west  of  Fort  Smith,"  /.  M. 
Bit^low  (T). 

Louisiana.  Rapides:  Alexandria,  /.  Hale  (Y).  West  Feli- 
riana:  (  atalpa,  F.  W.  Pennell  4278  >  August  21  (P,  Y). 

Texas.     Burnet:  Marble  Falls,  E,  N,  Plank  >  August  10  (Y). 

12a.  Chamaecrista  nictitans  /3 

Cassia  multipinnata  Pollard,  Bull.  Torrey  Bot.  Club  22:  515.  pi. 
2§o,  1895.  No  type  indicated,  and  first  sf^ecimen  listed, 
Curti.ss  712  (cited as** 512"),  is  composite,  consisting  of  plant 
descrilied  and  in  part  of  Chamaecrista  aspera.  Second  specimen 
riled,  "Near  Jacksonville,  A.  H.  Curtiss,  North  American 
Plants  .  .  .  second  distribution.  No.  5157,  September  15,  and 
October  27,  1894,'*  is  taken  as  the  type.  Type  seen  in  the 
herbarium  of  the  United  States  National  Museum. 

Cas%ia  multipinnata  Nashii  Pollard,  l.c,  515.  1895.  **  Collected 
in  km  pine  woods,  River  Junction,  Gadsden  Co.,  Florida,  by 
Mr.  Nash,  Sept.  5.  1895  (2577).**  Type  seen  in  the  herbarium 
of  the  New  York  Botanical  Garden. 

Chamaecrista  multipinnata  Greene,  Pittonia  3:  243.     1897. 

Stem  I  -5  dm.  tall.  Stipules  linear-attenuate.  Leaflets  fifteen 
to  twenty-teix  pairs,  1-2  mm.  wide.  Legumes  4-5  mm.  wide. 
Seed*  hix  to  twelve.     Otherwise  as  in  the  species. 

Sandy  soil,  in  the  Coastal  Plain,  e8f>ecially  in  the  pine-land, 
Srjoth  Carolina  to  southern  Mississippi.  In  the  long-leaf  pine- 
Und  replacing  the  species,  of  which  it  may  l)e  no  more  than  an 
frf>lo|(ical  form. 

SoiTH  Carolina.     Aiken:  Aiken.  //.  H'.  Raienel  (V), 

(jtoRi^iA.  Bibb:  Macon,  7.  M.  Green  (A).  BrfK)ks:  Quitman, 
*.  Af.  Harper  1632  >  ScptemUr  13  (T,  Y).  Burke:  M.  //. 
Hopkins  ig  >  SeptemlK*r  9  ( Y).  Sumter:  Americ  us,  5.  M.  Tracy 
3058  >  August  20  (l). 
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Florida.  Alachua:  Gainesville,  H,  S.  FawceU  <  November 
(P).  Duval:  Jacksonville,  A.  H,  Curtiss  5157  >  September  15 
(U).  Gadsden:  River  Junction,  G.  V.  Nash  2^77  >  September  5 
(A,  Y).  Leon:  Tallahassee,  G,  V,  Nash  2403  >  August  12  (U,  Y). 
Wakulla:  St.  Marks,  F.  Rugel  igg  >  September  (U). 

Alabama.  Baldwin:  Daphne,  C.  AfoAr  >  August  18  (U), 
Cullman:  Ryans  Creek,  C.  Mohr  <  August  6  (U).  Lee:  Auburn. 
C.  F.  Baker  31  <  October  10  (Y).  Mobile:  Theodore,  F.  W. 
Pennell  4445  >  August  30  (P,  Y). 

Mississippi.  Clarke:  Shubita,  C.  Schuchert  <  October  11  (U). 
Harrison:  Pass  Christian,  F.  W.  Pennell 4362  >  August  27  (P,  Y). 
Jackson:  Ocean  Springs,  5.  M.  Tracy  4434  >  August  20  (U). 
Simpson:  Saratoga,  S,  M.  Tracy  8505  >  August  6  (P,  U,  Y). 

12ft.  Chamaecrista  nictitans  7 

Cassia  aspera  Mohrii  Pollard,  Bull.  Torrey  Club  24:  151. 
Mar.  30,  1897.  '*Type  in  the  herbarium  of  the  U.  S.  Geol. 
Surv.  of  Alabama,  collected  in  Mobile  in  1878  by  Dr.  Mohr." 
Probable  co-type,  lacking  statement  of  date,  seen  in  the 
United  States  National  Herbarium. 

Chamaecrista  aspera  Mohrii  Pollard;  Heller,  Cat.  N.  Am.  PI.  2d 

ed.  5.     Nov.  10,  1900. 

Stem  3-5  dm.  tall,  densely  puberulent  to  spreading-pubescent. 
Stipules  more  ciliate,  8-10  mm.  long.  Leaflets  18-23  pairs,  9-12 
mm.  long,  2  mm.  wide,  narrowly  oblong-linear,  acute,  strongly 
mucronate-tipped,  pubescent  with  incurved  hairs.  Sepals  hirsute- 
pubescent,  especially  on  midrib.  Legumes  more  hirsute.  Other- 
wise as  in  the  species. 

Sandy  soil  in  the  Coastal  Plain,  southern  Georgia  to  Louisiana 
and  southern  Arkansas.  Insufficiently  known,  but  probably  not 
specifically  distinct. 

Georgia.     Decatur:  E.  A,  Smith  (U). 

Alabama.     Mobile:  Mobile,  C.  Mohr  (U). 

Arkansas.  Miller:  Texarkana,  A,  A.  Sf  E,  G,  Heller  4134 
>  August  23  (A,  U,  Y). 

Louisiana.  Caddo:  Shreveport,  Gregg  >  September  6  (U). 
Rapides:  Alexandria,  7.  Hale  (Y). 
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13.  Chamaecrista  aspera  (Muhl.)  Greene 

L4issia  aspera  Muhl.;  Ell.  Bot.  S.  C.  &  Ga.  i :  474.  1821.  "On 
Eding's  island  near  Beaufort  (South  Carolina],  common." 
Type  not  seen  nor  verified,  but  description  sufficiently  indicates 
this  plant. 

Sutiulla  aspera  Raf.  Sylv.  Tell.  128.     1838. 

Ckamta^crista  aspera  Greene,  Pittonia  3:  243.     1897. 

Annual.  Stem  erect,  3-7  dm.  tall,  branched,  strigose-hirsute 
»ith  spreading  hairs,  below  mostly  also  puberulent  with  some 
*hortrr  incurved  hairs.  Stipules  lanceolate-attenuate,  conspicu- 
ously ciliate,  nerved,  8-1 1  mm.  long.  Petioles  2-5  mm.  long, 
hifMJte,  as  well  as  the  rachis,  with  spreading  hairs.  Petiolar 
gland  single,  shortly  below  proximal  leaflets,  stalked,  truncate, 
iNTarcely  wider  than  the  stalk,  0.15-0.25  mm.  wide,  brown  or  dark- 
hnimn.  Leaflets  fifteen  to  twenty-seven  pairs,  8-15  mm.  long, 
I  5  2  mm.  wide,  narrowly  oblong-linear,  acute,  strongly  mucronate, 
cUl>f(>u«i.  not  ciliate,  slightly  glaucous  beneath,  obscurely  nerved. 
Brarte<)let%  1 .5-2  mm.  long,  lanceolate.  Pedicels  one  to  two  or  three 
in  a  faM'icle.  3-4  mm.  long,  appressed-puberulent.  Sepals  3-5 
mm.  Umg,  lanceolate,  acuminate,  strigose-hirsute  on  the  midrib. 
iVtaU  3  7  mm.  long,  anterior  nearly  or  twice  exceeding  laterals. 
Stamens  unequal,  seven  to  nine;  anthers  2  mm.  long,  ** yellow.** 
l>rj:ume?i  1. 5-2.5  cm.  long.  4-5  mm.  wide,  strigose-hirsute.  Seeds 
thrtt'  to  eight,  2.5  mm.  long,  2  mm.  wide,  thick. 

Sandy  soil,  hammocks,  fields  or  in  pine-land,  peninsular  Florida, 
extrmJing  northward  along  the  Atlantic  coast  to  southern  South 
(  arr>lina. 

Fu>iiii>A.  Dade:  Miami,  N,  L.  Britton  456  >  April  4  (Y). 
I>u\al:  Jacksonville.  A,  //.  Curtiss  5158  >  SeptemlK»r  19  (T.  Y). 
HilUI»r,ro:  Tampa.  .V.  L.  Britton  &  P.  Wilson  82  >  August  25  (Y). 
l-*kc  Eustih.  G.  V.  Sash  1717  >  August  16-25  (A,  l\  Y).  U»e: 
.\Ua.  A.  S.  Hitchcock  56  (U,  Y).  Manatee:  Perico  Id..  S,  A/. 
TfOiy  7244  >  May  14  (l'.  Y).  Monroe:  Key  West,  Blod^ett 
r.  Y  .  Orange:  Clarcona,  M.  Meislahn  35  >  SeptemlnT  19  (l). 
Pim-Ila-^:  St.  Petersburg,  Mrs,  C.  C.  Deam  2751  >  Septemlx*r  18 
\  .Yk 

13a.    ChAMAK(  RISTA  ASPKRA  ff 

Cassia   Simpsoni    Pollard,    Bull.    Torrey    Club    21:    221.     |8(>4. 
** Florida — Big   Pine   Key,   Simpson    (May,    1H91).    No.    174. 


Digitized  by  VjOOQIC 


362        Pennell:  Plants  of  southern  United  States 

Type,  three  specimens  in  the  National  Herbarium,  collected 
by  Mr.  J.  H.  Simpson."  Type  seen  in  the  United  States 
National  Herbarium. 

Chamaecrista  Simpsoni  Pollard;  Heller,  Cat.  N.  A.  PI.  2d  ed.  5. 

1900. 

Stem  spreading,  1-3  dm.  tall,  diffusely  branched,  puberulent 
with  incurved  hairs  below  or  throughout,  hirsute  with  longer  hairs 
only  above  or  rarely  throughout.  Leaflets  9-19  pairs,  5-1 1  mm. 
long.  Pedicels  2-3  mm.  long. — Otherwise  as  in  the  sf^ecies,  with 
which  it  seems  to  completely  intergrade.  Pine-lands,  extreme 
southern  Florida. 

Florida.  Dade:  Cocoanut  Grove,  N,  L.  Britton  285  S  March 
26  (Y) ;  Fort  Dallas;  Homestead;  Miami.  Monroe:  Big  Pine  Key, 
F.  W,  Pennell  P554  5  May  2  (Y);  Boca  Chica,  F.  W.  Pennell 
9613  >  May  15  (Y);  Cudjoe,  F.  W,  Pennell  9556  5  May  5  (Y); 
Key  West;  Little  Pine  Key;  No  Name  Key. 
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Tbc  aim  of  this  Index  is  to  include  all  cairent  botanictl  literature  written  by 
AaM-rksns,  published  in  America,  or  based  upon  American  material ;  the  word  Amer- 
ica brtnf  oird  in  the  broadest  sense. 

Reviews,  and  papers  that  relate  exclusively  to  forestry,  agriculture,  horticulture, 
■MBiifarHircd  products  of  vegetable  origin,  or  laboratory  methods  are  not  included,  and 
■o  attempt  b  made  to  index  the  literature  of  bacteriology.  An  occasional  exception  is 
m*rle  in  fiivor  of  some  paper  appearing  in  an  American  periodical  which  is  devoted 
vtktlly  to  botany.  Reprints  are  not  mentioned  unless  they  difler  from  the  original  in 
toMc  iaBportant  particular.  If  users  of  the  Index  will  call  the  attention  of  the  editor 
to  rrron  or  amissions,  their  kindness  will  be  appreciated. 

This  Index  b  reprinted  monthly  on  cards,  and  furnished  in  this  form  to  subscribers 
m  the  rate  of  one  cent  far  each  card.  Selections  of  cards  are  not  permitted ;  each 
•obtcrdMr  msst  take  alt  cards  published  during  the  term  of  his  subscription.  Corre- 
ipuodctice  reUting  lo  the  card  issue  should  be  addressed  to  the  Treasurer  of  the  Torrey 
al  anb. 


Any,   L.   W.     Breeding   for   atropine.     Jour.    Heredity   8:    164-167. 

/  ^,     Af)  ic>i7. 
Bafltjr,  L.  H.     The  Standard  Cyclo|)edia  of  Horticulture  6:  i-v+3043- 

.V>.W  pi-  1 01- 1 20-^-1,  3516-4036.     191 7. 
B«ffj«  B.  W«     Contributions  to  the   Mesozoic  flora  of  the  Atlantic 

<i>astal   plain,    XII — Arkansas.     Bull.   Torrey   Club  44:    167-190. 

pi.  7.     16  Ap  1917. 

fV»Wf«r«  iuttgmiftjrmu  and  ktenisptrmites  inUgrifolia,  spp.  nov.,  are  described. 

Btny,  B.  W.     A  middle  Eocene  nieml)er  of  the  **  Sea  Drift."     Am. 
Jour.  Sci.  43:  29H-300,/.  /.     Ap  1917. 

Itlijt  B.  W.     Notes  on  the  history  of  the  willows  and  |M>plars.     Plant 

World  20,  16-28./.  /.     Ja  1917. 
B«dMl,  B.      Ptuctnia  subniUns  and  its  aecial  hosts.     Phytopatholotcy  7: 

'/2-<^.     Ap  1917. 
BofBton,  K.  R«     Buddlfia  Davidi.     AddiMinia  a:  9,  10.  pi.  45.     31  Mr 

IVI7- 
Bnad«f««,   T.    S.     Plantac    mcxicanae    purpii>ianiae.  -  V'lll.     I'niv. 

Calif.  Puhl.  Bot.  6:  363-375.     23  Mr  1917. 

lfMlj«lr«  dr«cTlption  of  thirty  new  »{M>i  ir<t. 


Digitized  by  VjOOQIC 


364  Index  to  American  botanical  literature 

Britton,  E.  G.     A  schedule  for  Arbor  Day  compositions  on  conservation. 

Nature-Study  Rev.  13:  140-142.     Ap  1917. 
Britton,  N.  L.     Peperomia  obtusifolia,     Addisonia  2:   19,  20.  pL  50. 

31  Mr  1917. 
Buchanan,  R.  £.     Studies  in  the  nomenclature  and  classification  of  the 

bacteria.    II.     The    primary    subdivisions   of    the    Schyomycetes. 

Jour.  Bacteriology  2:  155-164.     Mr  1917. 
Burkholder,    W.    H.     The    perfect    stage    of    Gloeosporium    venetum. 

Phytopathology  7:  83-91./.  i-j,     Ap  1917. 

Includes  descriptions  of  PUctodiscella  veneta  sp.  nov. 

Buscalioni,  L.,  &  Muscatello,  G.     Studio  anatomo-biologico  sul  Gen. 

**  Saurauia  "   Willd.   con  speciale  riguardo  alle  specie  americane. 

Malpighia  27:  325-356.     1916. 
Buscalioni,  L.,  &  Muscatello,  G.      Studio  monografico    sulle  Specie 

Americane  del  Gen.  "Saurauia"  W'illd.     Malpighia  27:  293-324. 

1916:487-502.     1916. 
Chase,  A.     Rev.  E.  J.  Hill.     Rhodora  19:  61-69.     ^7  Ap  1917.     [Por- 
trait.] 
Conn,  H.  J.     Soil  flora  studies.     Part  II.     Jour.  Bacteriology  2:  137- 

154.     Mr  1917. 
Cook,  M.  T.     Report  of  the  department  of  plant  pathology.     New 

Jersey  Agr.  Exp.  Sta.  1915:  365-394-  P^-  ^"5-     1916. 
Coville,  F.  V.     How  plants  wake  up  from  winter  sleep.     Nature-Study 

Rev.  13:  143-147.     Ap  1917.     [Illust.] 
Davidson,    J.     Selective    permeability    and    the    plasma-membrane. 

Plant  World  19:  331-394.     N  1916. 
Elliott,  J.  A.     The  sweet  potato  "  soil  rot  "  or  "  pox/'  a  slime  mold 

disease.     Delaware  Agr.  Exp.  Sta.  Bull.  114:  1-25.  pi.  1-5 -\-f.  i-ij- 

N  1 91 6. 
Evans,  A.  W.     Notes  on  the  genus   Herberta,  with  a  revision  of  the 

species  known  from  Europe,  Canada  and  the  United  States.     Bull. 

Torrey  Club  44:  191-222.  pi.  8-\-f.  i-2g.     16  Ap  1917. 

Includes  Herberta  Hutchinsiae,  and  H.  tenuis,  spp.  nov. 

Femald,  M,  L.  Two  new  maritime  plants  of  northeastern  North 
America.     Rhodora  19:  76.     17  Ap  1917. 

Femald,  M.  L.  The  variations  of  Polygonum  pennsylvanicum.  Rho- 
dora 19:  70-73.     17  Ap  1917. 

Fitzpatrick,  H.  M.  The  development  of  the  ascocarp  of  Rhizina 
undulata  Fr.     Bot.  Gaz.  63:  282-296.  pi.  77,  18.     16  Ap  1917. 
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Frmdf  B.  B.,  &  Gnitil,  B.  J.     The  gain  in  nitrogen  from  growth  of  legumes 

on  acid  «>il».     Wisconsin  Agr.  Exp.  Sta.  Research  Bull.  39:  1-42. 

f^.  /.  .--h/.  i-i6,     O  1916. 
Galloway,  B«  T.     Newton  B.  Price.     Phytopathology  7:  143,  144.     Ap 

1917- 
Gates,  R.  R.     A  revision  of  the  genus  Polygonattim  in  North  America. 

Bull.  Torrey  Club  44:  I17-126.  pi,  4-6,     l-j  Mr  1917 
Grasnimn,  J.  M.     Monograph  of  the  North  and  Central  American 

^IfTf'ie^  of  the  genus  Senecio — Part  II.     Ann.  Missouri  Bot.  Card. 

4:  IS  .u>. p/. 4'   y  1917- 

y<  ur  wna*  ipei  ic^  are  described. 
HAas«n,  A.  A.     Natural  dwarfing.     Jour.  Heredity  8:  160-162./.  4,  5. 

.\p  1**17. 
HAsptr,  R.  M.     Some  undescribed  prairies  in  northeastern  Arkamas. 

PUnt  World  JO:  5K^l./.  /,  2,     F  1917. 
HuTiactOfi,  W.  H.     Notes  on  some  Ottawa  district  plants.     Ottawa 

Nat.  30:  133-14.V     F  1917- 
Harris,  J.  A.     The  application  of  correlation  formulae  to  the  problem 

i.<  \arirtal  differences  in  disease  resistance:  data  from  the  Vermont 

rij^'rimcnts  with  potatoes.     Am.  Nat.  51:  238-244.     Ap  191 7. 
Hanrcj,  R.  B.     \  method  for  producing  conductivity  water  suitable  for 

•  Atcr  culture  experiments.     Bot.  Gaz.  63:  321,  322.  /.  /.     16  Ap 

1917- 
Hwrtrs,  A.  L^  Ik  Nuilez,  A.  S.     Nuevas  observaciones  accrca  de  la 
Mli/a  raloide  solidificada.     Bol.  Dir.  Kstud.  Biol.  l:  632-636./.  /-j. 

S   Ic;l6. 

"K«uu(turu  dr  diatomca*  y  de  trrjido«  vegetJiIe*." 
H«aiphr«y,  H.  B.     Puccinia  ilumarum.     Phytopathology  7:  142,  143. 

Ap  1917. 
Joaw,  D.  F.     Dominance  of  linked  factors  as  a  means  of  accounting 

for  heien»*i».     Proc.  Nat,  Acad.  Sci.  3:  310-312.     15  Ap  1917. 
Jnaw,  L.  R.     Lightning  injur>'  to  kale.     Phytopathology  7:  140-142. 

/.  /.     Ap  1917. 

Ktooytr,  L.  A.     Environmental  influences  on  nectar  secretion.     Hot. 

i»Ax.  63:  24</-265.     16  Ap  1917. 
Ugltfv  L  J.     The  evolution  and  relationship  of  the  great  groups  of 

t»ii<  tcria.     Jour.  Bacteriology  a:   165-176.     Mr  1917. 
Lm,  H.  a.     a  new  t>acterial  citrus  disease.     Jour.  .\gr.  RcMMn  h  9:  1   is, 

pi,  A  I,  2,     2  Ap  1917. 
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Lindstrom,  £.  W.  Linkage  in  maize:  aleurone  and  chlorophyll  factors. 
Am.  Nat.  51:  225-237.     Ap  1917. 

Lipman,  C.  B.,  &  Gericke,  W.  F.  Experiments  on  the  effects  of  con- 
stituents of  solid  smelter  wastes  on  barley  growth  in  pot  cultures. 
Univ.  Calif.  Publ.  Agr.  Sci.  i:  495-587,     26  Mr  1917. 

Livingston,  B.  E.  A  quarter-century  of  growth  in  plant  physiology. 
Plant  World  20:  1-15.     Ja  1917. 

Lloyd,  C.  G.     Mycological  notes — No.  45:  622-636./.  883-909  +  por- 
trait,    Ja  1917. 
Contains  notes  on  rare  species  of  fungi  received  from  correspondents. 

Lloyd,  C.  G..    Mycological  notes — No.  46:  638-652./.  910-932  +  por^ 

trait.     F  1917. 

Includes  notes  on  the  genera  MesopheUia,  Diploderma,  Arachnion,  the  Xylarias, 
etc. 

Lloyd,  C,  G.     Synopsis  of  some  genera  of  the  large  Pyrenomycetes. 
1-15.  /.  826-857.     Cincinnati.     Ja  1917. 
CamiUea^  Thamnomyces  and  Engltromyces. 

MacCaughey,  V.     An  annotated  list  of  the  forest  trees  of  the  Hawaiian 

Archipelago.     Bull.  Torrey  Club  44:  145-157.     27  Mr  1917. 
MacCaughey,  V.     The  genus   Artocarpus  in   the   Hawaiian   Islands. 

Torrey  a  17:  33-49.     17  Ap  191 7. 
MacCaughey,  V.     The  orchids  of  Hawaii.     Plant  World  ig:  350-355. 

N  1916. 
Mains,  E.  B.     Species  of  Melampsora  occurring  upon   Euphorbia  in 

North  America.     Phytopathology  7:  101-105.     Ap  1917. 

Melampsora  monticola  sp.  nov.  is  described. 

Mattoon,  W.  R.     Pinus  carihaea:  an  extension  of  range  in  Louisiana. 

Torreya  17:  49-52./.  i,  2.     17  Ap  1917. 
Matz,  J.     A  Rhizoctonia  of  the  fig.     Phytopathology  7:  110-117.  pL  2 

+/.  1-3.     Ap  1917. 

Rhizoctonia  microsclerotea  sp.  nov. 

McCubbin,  W.  A.     Contributions  to  our  knowledge  of  the  white  pine 

blister  rust.     Phytopathology  7:  95-100./.  J.     Ap  1917. 
Metcalf,  F.  P.,  &  Griscom,  L.     Notes  on  rare  New  York  state  plants. 

Rhodora  19:  48-55.     Mr.  1917. 
Millspaugh,   C.  F.     Trichosterigma    henedictum.     Addisonia    2:   3,   4. 

pi.  42.     31  Mr  1917. 
Nash,  G.  V.     Avelia  grandiflora.     Addisonia  2:  17,  18.  pL  49.     31  Mr 

1917. 
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Mttah,  O.  V.     Btnihamia  japonica,     Addisonia  a:  5,  6.  pi,  43.     31  Mr 

1917. 
*limall9  O.  V.     Ganiora  truncate  alba,     Addisonia  a:   11,   12.   pi.   46, 

.-^1  Mr  1917. 
Hash,  O.  V.     Hardy  woody  plants  in  the  New  York  Botanical  Garden. 

Jour.  N.  Y.  Bot.  Card.  18;  65-68.     Mr  1917. 
Mewmaii,  L.  B.     The  blister  rust  of  white  pine.     Bikmorean  4:  1-9. 

/.  t'6, 
Horitgii  J.  M.     Les  plantas  mexicanas.     Bol.   Dir.   Estud.   Biol,   i: 

641-683./.  7-/5.     S  1916. 
Ortoo,  C.  R.     Diseases  of  the  apple,  pear  and  quince.     Proc.  Penn- 

s>ivania  State  Hort.  Assoc.  1916:  45-52.  /.  7-7.     1916. 
Oftoo,  C.  R.     Diseases  of  the  brambles  and  methods  of  controlling 

tbctn.     Proc.  Pennsylvania  State  Hort.  Assoc.  1916:  66-71./.  /-/. 

1916. 
Ortwbout,  W.  J.  V.     Does  the  temperature  coeflficient  of  permeability 

indicate  that  it  is  chemical  in  nature?     Bot.  Gaz.  63:  317-320. 

16  Ap  1917. 
Puib«r»  F.  R«    Studies  by  means  of  both  pot  and  solution  culture  of  the 

phosphorus  and  potassium  requirements  of  the  barley  plant  during 

its  different  periods  of  growth.     Rhode  Island  Agr.  Col.  Exp.  Sta. 

Bull.  169.    1-50.  pi,  I,  2  +f.  1-3,    Ja  1917. 
Plckatt,  F.  L.     Is  PtUaea  ilahella  Mett.  a  distinct  species.     Am.  Fern 

Jour.  7:  3-5.     Mr  191 7. 

PkBtffWt  R.  L.     Some  new  species  of  Stdum.    Jour.  Bot.  55:  38-44. 

F  1917. 

laclude*  Stdmm  ^istum  and  5.  amtcamtcanum  from  America. 

PrfaiC*   O.   H.     Hybrid    Nymphaeas.     Ann.    Missouri    Bot.    Gard.   4 

1-14,  pi,  t'3  +/.  i'S'     F  1917. 

lnkiii,W«H.     White  pine  blister  rust.     Tree  Talk  4:  77,  78.    Fig.  17. 

B.  L.     Leaf  nectaries  of  Gossypium,     Bot.  Gaz.  63:  229-231. 

pi,  12,  13  +  f>  /.     15  Mr  1917- 

>  H.  C.     OnocUa  scnsibilis  forma  ohtusilohata.     Am.  Fern  Jour.  7: 

6,     F  1917. 
N(^«r«  and  Uluftratloiia  by  C.  A.  Wcatherly  ff>ll(iw  on  pagr«  6-9. 

Ko|m  Aco<tl|  N*     Addenda  ad  floram  Chaco  Australia  (I9<h;).     Bull. 
C'^fof.  Bot.  aj:  211-219-     I9U- 

Nrw  •prcic*  In   Tropkitomta   it).   Madura   (i).  AriUoUnhta   (iJ.   Labatia   'j). 
Bmtmmmtmmikm  (1).  lUgamis  (i).  Uyraalmius  u).  FlaUwhfedta  (i). 
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Rosenbaum,  J.     Studies  of  the  genus  Pkytopkikora,     Proc.  Nat.  Acad. 

Sci.  3:  159-163.     15  Mr  1917. 
Safford,  W.  E,     Lignum  nephriticum — its  history  and  an  account  of  the 

remarkable  fluorescence  of  its  infusion.     Smithsonian  Rep.  1915* 

271-298.  pi,  i-y.     1916. 
Sanders,  J,  G.     Save  us  from  invading  pests.     Am.  Forest.  23:  147- 

153.     Mr  1917.     [Illust.] 
Sargent,  C.  S.     Botanical  activities  of  Percival  Lowell.     Rhodora  19: 

21-24.     H  f*  1917- 
Seaver,  F.  J.     Photographs  and  descriptions  of  cup-fungi — V.    Discina 

venosa.    .Mycologia  9:  53,  54.  pi.  5.     22  Mr  1917. 
Shufeldt,  R.  W.     Early  spring  and  summer  flowers.     Am.  Forest.  26: 

161-165./.  1-6,     Mr  1917.     [Illust.] 
Wiggans,  R.  G.     The  number  of  temporary  roots  in  the  cereals.    Jour. 

Am.  Soc.  Agron.  8:  31-37.  />/.  i.     i  F  1916. 
WiUe,  N.     Om   Udbredelsen  af  Artemisia  norvegica   Fr.    Bot.    Not. 

1916:  133-137-     1916. 
Winslow,  E.  J.     Rev.  James  A.  Bates.     Am.  Fern  Jour.  7:  1-3.    ^^^ 

1917.     [Portrait.] 
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The  ferns  and  flowering  plants  of  Nantucket — XVIII 

EUGBNB  P.    BiCKNBLL 

APPENDIX 
•B<rr»TCHiL'M  TENEBROSUM  A.  A.  Eaton. 

Three  plants  deep  in  the  thickets  of  Herrecator  Swamp  in 
Squam,  July  8,  1912.  They  grew  in  a  dryish  spot  in  a  bed  of 
moss  ( Catkerinea  angustata  Brid.)  with  a  group  of  six  adder's  tongue 
ferns  and  a  single  plant  of  Botrychium  virginianum,  all  within  the 
space  of  not  more  than  one  square  foot.  The  plants  were  small, 
5-12  cm.  high,  and  bore  sporophylls  with  mature  sporanges. 
Their  identity  has  been  determined  by  Miss  Margaret  Slosson 
at  the  New  York  Botanical  Garden.  Mrs.  Britton  has  given  me 
the  name  of  the  moss  with  which  they  grew. 

•BciTRYrHit'M  DissKCTUM  Spreng. 

Polpts.  August  20,  1910,  herbarium  of  Miss  Grace  Brown 
(»aniner;  Thorn  lot,  a  single  plant  in  damp  half  shade,  June  26, 

|()12. 

•B<>TRY<  HirM  VIRGINIANl'M  (L.)  Sw. 

Scfuam,  July  8,  1912,  a  single  plant  associated  with  Botrychium 
tenrbrosum.  Divisions  of  sterile  si*gment  17-19  mm.  in  length; 
fertile  segment  rudimentary. 

•PoLVPCmiLM  VUUiARE  L. 

Reprirted  from  Nantucket  by  Dr.  J.  A.  (\jshman  (see  Rhcxlora 
13:  105,  1911).  No  other  one  of  our  common  eastern  plants  that 
have  U-en  found  on  Nantucket  was  less  to  Ik»  exf)ected  there  than 

(Thr  Bixurrm  ki€  July  (44:  J^i-J'''**   P^  ^t-  i^^  wa«  tiiu<- 1  July  14.  iyi7  I 
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this  rock-loving  and  woodland  fern.  The  manner  of  its  occur- 
rence is  therefore  worthy  of  attention.  Its  discoverer,  Miss  Grace 
Brown  Gardner,  wrote  me  in  August,  1910,  that  it  had  been  found 
that  month  among  the  Miacomet  pines  not  far  from  where  the 
heather  grows,  "only  one  small  plant  with  less  than  a  dozen  fronds, 
and  only  one  fruiting  one."  Miss  Gardner's  description  of  the 
locality  enabled  me  two  summers  later,  on  July  5,  1912,  to  find 
the  station  without  any  difficulty.  There  were  then  two  plants 
about  six  inches  apart,  one  having  five,  the  other  four  fronds,  none 
of  them  bearing  sori.  The  plants  were  in  deep  shade  and  grew 
within  the  rim  of  a  circular  depression  in  the  ground  about  three 
and  a  half  feet  in  diameter  and  a  foot  in  depth  where,  long  before, 
a  tree  may  have  been  removed  or  an  excavation  made  for  planting 
one.  Similar  hollows  are  to  be  seen  elsewhere  among  the  pines, 
which  are  said  to  have  been  set  out  in  1876.  The  ferns  grew  in  a 
bed  of  moss,  Rhynchostegium  serrulatum  (Hedw.)  Jaeg.,  deter- 
mined by  Mr.  R.  S.  Williams,  and  overarching  them  were  two 
fronds  of  Dryopteris  spinulosa.  Needless  to  say  all  were  left  un- 
disturbed. Notwithstanding  the  very  natural  surroundings  the 
evidence  is  clear  that  the  spot  had  not  been  unknown  to  the  spade, 
and  some  connection  may  be  suspected  between  this  and  the 
presence  of  the  polypody.  Like  the  heather  it  may  have  come  in 
with  the  pines,  possibly  from  Europe,  or  it  may  have  been  long 
ago  planted  there,  perhaps  by  some  tourist  plant  lover  visiting 
the  heather. 
*Phegopteris  Phegopteris  (L.)  Underw. 

Phegopteris  polypodioides  F6e. 

Dense  hillside  thicket  north  of  the  Wauwinet  road  towards 
Abram's  Point.     Here,  on  June  9,  1912,  it  grew  in  great  profusion 
thickly  covering  the  ground  throughout  a  space  of  fully  twenty- 
five  by  fifteen  feet  and  fruiting  abundantly. 
Lycopodium  obscurum  L. 

The  var.  dendroideum  (Michx.)  D.  C.  Eaton  was  collected  west 
of  Capaum  Pond,  May  31,  1909,  the  strobiles  beginning  to  wither. 
Mrs.  Flynn  has  sent  me  a  specimen  collected  west  of  the  town 
August  13,  191 1,  bearing  fifteen  well-developed  spikes. 
♦Isoetes  Tuckermani  a.  Br.? 

Professor  W.  A.  Setchell  has  very  kindly  forwarded  to  me  speci- 


Digitized  by  VjOOQIC 


BicKNEix:  Ferns  and  flowering  plants  of  Nantucket    371 

men*  of  an  Isoiies,  from  the  herbarium  of  the  University  of  Cali- 
fornia, that  were  collected  by  him  in  company  with  Professor 
\V.  J.  V.  Osterhout,  in  Gibb's  Pond,  Nantucket,  in  the  summer  of 
i^^>4.  I  quote  from  Professor  Setchell's  letter  of  transmittal :  **  We 
(fiuncl  the  Isoites  when  we  were  bathing  in  the  pond.  It  grew  in 
water  M)  deep  that  we  could  not  reach  down  for  it  but  grubbed  it 
(All  with  our  toes  and  collected  it  as  it  floated  to  the  surface.  My 
imprrsihion  is  that  it  formed  a  regular  zone  at  a  depth  of  four  or 
fi\-c  feet.  I  particularly  remember  that  we  were  in  water  up  to 
aUnjt  the  chin  while  we  were  collecting  it.  None  of  it  grew  in 
the  more  shallow  margins.  I  may  add  that  the  bottom  of  the 
prjod  was  thickly  covered  with  the  Iscetes  in  the  zone  in  which  it 


The  plant  is  the  smallest  and  most  delicate  form  of  IsoeUs 
that  I  have  ever  examined.  Although  it  is  quite  prol)able  that 
it  ift  correctly  referred  to  /.  Tuckermani  it  is  scarcely  well  enough 
matured  to  permit  of  conclusive  determination.  Mrs.  Britton, 
who  has  examined  the  gynospores  under  high  power,  gives  me  the 
folkrwing  particulars:  "Size,  415  Mi  not  pitted,  slightly  roughened"; 
Mi^  Margaret  Slosson,  who  has  studied  the  specimens,  reports 
Aft  folkms:  "Impossible  to  determine  by  the  macrosfwres  as  they 
are  lex*  immature  to  show  their  characters;  but  the  spots  *scattere<l, 
i-frw<elle<r  on  the  sporangia  show  distinctly  and  indicate  /. 
Tu£kerman%** 

•PiM  h  Strobis  L. 

A  ftingle  tree  was  discovered  July  9,  1912,  among  an  extensive 
KHiwth  of  pitch  pines  less  than  a  half  mile  south  of  the  County 
Fair  grriunds.  It  was  alxiut  ten  feet  in  height  and  was  formed  of 
v\rrdl  clustered  trunks,  actually  erect  branches  that  had  replacwl 
An  original  trunk,  the  stoutest  one  measuring  sc^ventet-n  and  one 
half  inrh(*s  in  circumference  near  the  base;  the  lowest  branches 
Uy  firmly  along  the  ground,  spreading  fully  thirty-five  feet  in 
their  widest  extent.  The  undisturlK'd  surroundings  s<\ircely  allow 
it  to  lie  supjKised  that  this  tree  was  delil)erately  planted,  and  how- 
it  rame  to  Nantucket  remains  a  mystery.  A  chance  intnKlurtif)n 
In  %erd  beems  quite  |X)ssible,  fHThaf)s  through  the  a^eru  y  of  some 
Urd  that,  like  the  crossbills  or  the  Canada  nuthatch,  feitls  on  the 
•etrl*  of  conifers. 
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Note, — ^The  Labrador  or  jack  pine  (Pinus  Banksiana  Lamb.)r 
which  has  been  planted  at  Wauwinet,  has  been  mistakenly  at- 
tributed to  Nantucket  as  a  native  tree  (see  Rhodora  i8:  241-242. 
1916). 

♦Sagittaria  rigida  Pursh. 

Collected  in  Polpis,  August  20,  1899,  in  flower  and  fruit,  by 
Mrs.  Nellie  F.  Flynn,  who  has  kindly  sent  me  a  specimen  from  her 
herbarium  for  examination. 

♦EcHiNOCHLOA  MURICATA  (Michx.)  Femald. 

This  well-defined  segregate  from  E,  crusgaUi,  recently  re- 
stored to  recognition  by  Professor  Fernald  (Rhodora  17:  105-107, 
1915),  belongs  to  the  flora  of  Nantucket  although  its  exact  status 
there  remains  to  be  determined.  I  have  collected  it  near  the  town, 
and  have  seen  a  specimen  in  Miss  Gardner's  herbarium.  It  is 
locally  common  on  Martha's  Vineyard. 

Panicum  virgatum  L. 

A  well-marked  smaller  form  of  this  species,  described  in  Part 
II  of  this  paper  (Bull.  Torrey  Club  35:  184.  1908),  answers  f)er- 
fectly  to  the  description  of  Panicum  virgatum  cubense  Griseb.  in 
Hitchcock  &  Chase,  North  American  Species  of  Panicum  (Contr. 
U.  S.  Nat.  Herb.  15:  92.  1910).  This  form  seems  not  to  have 
been  reported  from  east  of  Connecticut. 

♦Panicum  tsugetorum  Nash. 

Common  in  exposed  sandy  places  and  among  open  growths  of 
oak  and  pine.  The  Nantucket  plant  is  not  the  typical  form 
described  by  Nash,  but  the  stiflfer  and  stouter  more  pubescent 
plant  defined  by  Hitchcock  &  Chase.  On  Nantucket  it  is  much 
more  common  than  P.  columbianum.  Examples  of  each  in  which 
their  diflferences  are  well  expressed  appear  like  perfectly  sepa- 
rable species,  but  perplexing  intermediates  are  so  frequent  that 
a  broad  treatment  could  scarcely  present  them  as  being  unequiv- 
ocally distinct.  Occasional  densely  tufted  very  pubescent  forms 
with  smaller  closely  flowered  panicles  of  more  numerous  and 
smaller  spikelets  suggest  hybridization  with  P.  oricola.  Slender 
and  narrow-leaved  forms  with  small  panicles  and  spikelets  seem 
to  be  quite  intermediate  with  P.  meridionale  Ashe. 
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Panicle  columblanum  Scribn. 

The  var.  ikinium  Hitchc.  &  Chase  is  recorded  from  Nantucket 
in  iheir  North  American  Species  of  Panicum  (p.  249),  on  the  basis 
<»f  specimens  collected  by  me  in  1899  and  1904.  I  have  myself  no 
clear  conception  of  this  plant.  The  specimens  cited,  and  others 
»ince  collected  more  or  less  similar,  suggest  aberrant  forms  of  P. 
m^fidionaU  or  of  P.  albemarlense, 

•Pa\k  I'M  orjcola  Hitchc.  &  Chase. 

•PaXICI  M  ALBEMARLENSE  Ashe. 

Earlier  in  this  paper  these  grasses  were  included  in  P.  merid- 
t<maU.  Transition  between  all  three  is,  I  think,  perfectly  ob- 
\i<»U!i.  but  there  is,  nevertheless,  the  paramount  fact  that  each 
in  it*  true  development  upholds  a  well-defined  type  recognizable 
unmi«»takably  everywhere  in  the  field.  We  do  not  know  that  hy- 
bndtzation  may  not  have  been  at  work  releasing  the  connecting 
U*rm%  but,  however  this  may  be,  it  would  seem  that  a  frank  recog- 
nition of  what  nature  has  been  careful  to  produce  on  an  extensive 
scale  must  accept  these  closely  related  grasses  as  being  essentially 
distinct. 

P,  oricota  is  more  especially  confined  to  sterile  sandy  tracts 
often  along  shores.  In  damper  soils  among  taller  vegetation  it 
develops  elongated  leafy  culms  and  shows  a  marked  departure 
fnim  its  Ufrual  habit.  Certain  examples  difficult  to  assign  have  the 
a(>fie4irance  of  being  hybrids  with  P.  meridionale,  and  occasional 
*tc»ut  forms  even  suggest  involvement  with  P.  tsugetorum. 

P.  meridionale  is  the  most  common  and  generally  distributee! 
<A  the  three  and  abounds  amid  the  low  herbage  of  the  plains  and 
aimm<m»  all  over  the  island.  A  very  small  and  delicate  form  of 
thi*  *f>ecies,  if  such  it  be,  collected  in  dryish  places  along  thickets 
in  Tom  Never's  Swamp  is  especially  to  l)e  remarked.  P.  merid- 
umaU,  like  all  of  its  local  group,  appears  every'where  to  l)e 
perfectly  a>n5tant  in  its  character  of  obviously  pubescent  spikelets. 
In  thift  ftmall  form  the  spikelets  are  either  quite  lucid  and  glabrous 
*ir  with  a  very  few  mostly  basal  or  marginal  hairs;  the  jMnirles 
are  ver>'  umall  and  few-flowere<l  and,  with  the  culms,  \vs>  pul)eru- 
Wnt  than  in  the  species,  or  eM>entiaIIy  glabrous. 

P.  albemarlense  more  than  the  others  passes  into  ainhiKuous 
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forms  appearing  to  intergrade  variously  with  P.  meridioiude,  but 
characteristic  examples  stand  well  apart. 

A  series  of  specimens  of  all  three  species  has  been  verified  by 
Professor  Hitchcock  and  Mrs,  Chase. 

♦Panicum  auburnae  Ashe. 

Collected  in  Squam,  at  Surfside  and  in  the  pine  barrens- 
Specimens  have  been  determined  by  Professor  Hitchcock  and  Mrs. 
Chase.  Compared  with  a  series  from  Long  Island  the  Nantucket 
plant  is  less  copiously  velvety-villous,  the  nodes  not  so  conspicu- 
ously white  bearded  and  the  culms  less  elongate  and  declined. 
Professor  Hitchcock  writes  me  that  these  Nantucket  and  Long 
Island  specimens  are  the  first  he  has  seen  from  the  coastal  region 
north  of  Virginia.  Certain  less  typical  examples  from  Nantucket 
seem  to  approach  P.  albemarlense, 

*Panicum  implicatum  Scribn. 

In  low  grounds,  apparently  scarce.  Little  Neck,  June  22, 
1910;  Thorn  lot,  June  17,  1910. 

Panicum  huachucae  Ashe. 

The  var.  sylvicola  Hitchc.  &  Chase,  of  a  lax  and  slender  form, 
was  collected  on  a  shaded  bank  in  Squam,  June  8,  1912. 

♦Panicum  scoparium  Lam. 

Collected  by  Miss  Grace  Brown  Gardner  in  Polpis,  August  24, 
1915;  excellent  specimens  are  preserved  in  Miss  Gardner's  her- 
barium. A  most  interesting  addition  to  the  Nantucket  flora, 
connecting  the  Martha's  Vineyard  and  Cape  Cod  stations  where 
alone  this  southern  grass  was  previously  known  in  New  England. 

♦Arrhenatherum  elatius  (L.)  Beauv. 

Sparingly  in  a  field  below  the  Cliff,  June  15, 1910,  and  in  Made- 
quet,  far  from  any  cultivated  ground,  June  17,  191 1. 

Festuca  ovina  L. 

Examples  of  the  var.  hispidula  Hack.,  having  the  lemmas  rather 
densely  hirsute,  are  occasionally  met  with  in  and  near  the  town. 

Festuca  rubra  L. 

Not  infrequent  examples,  doubtless  introduced,  differ  from  the 
native  plant  by  their  blue-glaucous  coloring  and  stiffer  leaves,  as 
well  as  in  other  less  obvious  characters,  and  appear  to  be  referable 
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to  the  var.  glaucodea  Piper,  according  to  Piper's  description 
<,0*ntr.  U.  S.  Nat.  Herb.  lo:  22.  1906).  I  am  inclined  to  think 
that  our  native  salt  marsh  grass  commonly  referred  to  F,  rubra 
is  distinct  from  the  European  plant  and  should  stand  as  Festuca 
glabra  Spreng. 

•Fe^TL'CA  elatior  L. 

F.  arundinacea  Schreb. 

Very  typical  examples  of  the  tall  fescue  grass  were  collected 
June  18.  1910,  by  a  fence  along  the  railroad  on  Washington  Street, 
the  larger  panicles  47  cm.  in  length,  the  spikes  15-17  mm.  long, 
and  leaves  as  broad  as  1.5  cm.  Also  found  on  E^ston  Street, 
Junes.  191 1. 

Although  the  distinction  between  the  tall  fescue  and  the 
meadow  fescue  (F.  pratensis  Huds.)  is  not  now  commonly  recog- 
nised, their  differential  characters  are  too  pronounced  to  be  justly 
disregarded.  These  differences  are  well  brought  out  in  the  de- 
ftcriptions  of  both  species  in  the  first  edition  of  Gray's  Manual. 

Bromi's  hordaceus  L. 

Forms  having  the  spikelets  glabrous  or  nearly  so  are  doubtless 
to  be  referred  to  the  var.  kptostachys  (Pers.)  Beck  (var.  glabrescens 
IO»s.h,]  Shear).  It  is  abundant  by  roadsides  near  the  railroad  in 
the  sulnirbs  of  the  town. 

BRfiMt  s  coMMUTATts  Schrad. 

Brant  Point  Road;  above  the  Cliff;  Island  View  Farm;  coming 
into  flower  early  in  June.  Bromus  racemosus  L.,  included  earlier 
in  this  list,  should  doubtless  be  referred  to  a  small  form  of  B. 
tommutatus,  if  the  two  are  held  to  l>e  distinct. 

•S<  iRPCs  Olnevi  Gray. 

Sparingly  in  a  salt  marsh  along  a  thicket  near  Abram's  Point, 
not  >'et  fully  mature  June  2,  1909. 

•Sc  iRprs  novae-an<;liae  Britton. 

Aliundant  along  the  inlet  to  Coskaty  Pond,  June  12,  1911;  a 
well-e9»tabltshed  colony  at  Scjuam  Pond  varying  in  extent  in  dif- 
ferent years;  spikes  appearing  June  10,  191 1.  not  yet  fully  devel- 
oped June  20.  1910;  in  full  flower  July  4,  1912.  Also  collecte<I  in 
Squam  by  Miss  Gardner,  Septeml)er  2.  191 3,  then  in  mature  fruit. 
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*SciRPUS  Eriophorum  Michx. 

Miss  Gardner's  herbarium  contains  a  perfectly  typical  speci- 
men of  this  Scirpus  collected  in  Polpis,  September  6,  1915. 

♦Carex  laevivaginata  (Kakenth.)  Mackenzie. 

This  well  defined  sedge,  recently  interpreted  by  Mr.  Mackenzie 
(Britton  &  Brown,  111.  FI.  ed.  2,  i:  371.  1913)  and  later  an- 
nounced from  New  England  by  Professor  Fernald  (Rhodora  17: 
231-232.  6  Ja  1916),  is  frequent  in  wet  places  on  Nantucket 
where  I  have  collected  it  in  Quaise,  June  11,  1908,  in  open  ground; 
in  Polpis  thickets,  June  15,  1908,  and  along  the  creeks,  June  28, 
1912.  In  Nantucket  specimens  the  perigynia  are  mostly  5  mm. 
in  length  (4.5-5.5  mm.),  those  of  C.  stipata  Muhl.  averaging  4.5  mm- 
(4-5  mm.).  The  smooth  sheaths,  in  contrast  with  the  cross- 
wrinkled  sheaths  of  C  stipata,  are  an  obvious  distinguishing  feature 
and  seemingly  a  perfectly  constant  one. 

*Carex  lupuliformis  Sartwell. 

Bog  hole  near  Eatfire,  July  11,  1915.  Not  sufficiently  mature 
to  show  conclusively  the  always  distinctive  form  of  the  rii>e 
achenia,  but  the  character  of  the  narrow  pistillate  spikes  and  the 
very  long-peduncled  staminate  ones  are  unmistakable. 

♦Carex  monile  Tuckerm. 

In  boggy  places  west  of  Trot's  Swamp,  June  i,  1910,  and  on 
July  3,  1912,  then  fully  mature. 

♦Carex  crinita  Lam. 

Several  tufts  along  a  brooklet  flowing  into  Squam  Pond,  June 
20,  1910;  one  cluster  by  a  pool  near  the  shore  in  Quaise,  June  9, 
1911. 

Carex  debilis  Michx. 

This  sedge,  although  not  before  reported,  I  think,  from  north 
of  New  Jersey,  is  widespread  and  locally  common  on  Nantucket. 
Conversely  the  closely  related  species  C.flexuosa,  which  it  might  be 
expected  would  be  common  there,  appears  to  be  one  of  the  island's 
rarer  Carices.  Recorded  previously  under  the  name  C.  tenuis 
Rudge. 

♦Carex  flexuosa  Muhl. 
Carex  tenuis  Rudge. 
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Collected  in  the  Thorn  lot,  June  27,  1910.  It  is  scarcely  to 
l)e  doubted  that  it  occurs  elsewhere  on  the  island. 

•Carex  conoidea  Schk. 

Damp  field  in  Shawkemo  not  far  from  the  harl)or  shore,  well 
scattered  through  the  grassy  low  growth  about  one  spot,  June  4, 
1909. 

•Carex  prairea  Deuey. 

Abundant  in  Shawaukemmo  meadow  where  it  appears  to  be 
strictly  localized  on  Nantucket.  In  early  bloom  June  8.  191 1;  in 
full  flower  July  1,  1912. 

•Carex  diandra  Schrank. 

With  the  alx)ve  and  much  more  mature,  July  i,  1912,  the 
achenia  falling. 
•Carex  CEPHALOiDF-A  Dewey. 

A  single  tuft  by  a  thicket  at  Shawaukemmo  farm;  spik(^  im- 
mature June  4,  1909;  fully  developed  July  1,  1912.  It  is  locally 
aimmon  on  Chappaquiddick  Island. 

Carex  stramine-\  Willd. 

A  recent  enlightening  study  of  this  species  by  Mr.  Kenneth  K. 
Mackenzie  (Bull.  Torrey  Club  4a: 603  608.  1915)  has  made  it  clear 
that,  as  commonly  accepted,  it  has  embrace<l  two  distinct  species, 
one  of  them  l)eing  the  Carex  tenera  of  Deu-ey  (C.  straminea  var.  tenera 
Boott).  Carex  straminea  echinodes  of  Part  III  of  this  paper  (Bull. 
Torrey  Club  35:  496.  1908)  should  now  lie  referre<l  to  C.  tenera. 
An  additional  k)cality  where  it  is  rather  numerous  is  in  low  grounds 
m-estward  from  Trot's  Swamp.  It  has  not  l>een  met  with  on  the 
eastern  side  of  the  island.  True  Carex  straminea,  sjxirimens  having 
l)een  determined  by  Mr.  Mackenzie,  proves  to  Ik*  a  not  uncommon 
se<lge  of  Nantucket  inhabiting  low  grounds. 
Carex  alata  Torr. 

Maxcy's  Pond,  one  tuft,  June  17,  1910;  also  in  a  lK>g  with 
Carex  Waiteriana  Bailey  and  near  Monomoy,  June  2^,  1912. 

•COMMELINA  ( OMMIMS  L. 

Occasional  in  waste  places,  and  by  strt*ttsi<ies  in  the  town. 
JlNTl'S  Bl  FONIl  s  L. 

The  var.  kalophilus  Buchenau  &  Fernald  gn)ws  in  ahundantv 
aUiut  |K>nds  at  the  south  shore  of  the  island. 
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*Alli\jm  canadense  L. 

At  three  widely  separated  localities:  border  of  Trot's  Swamp, 
two  stations;  Shawkemo,  along  a  low  bank  back  of  the  shore; 
Siasconset.  Heads  very  small,  June  2, 1909;  in  full  flower  June  22, 
1910. 

♦Allium  vineale  L. 

Among  the  long  grass  in  a  neglected  yard  on  Main  Street, 
June  13,  191 1,  the  stems  bearing  immature  spear-like  heads. 

*Ornithogalum  umbellatum  L. 

Waste  lots  and  old  lawns  in  the  town  and  occasional  in  the 
suburbs;  field  below  the  Cliflf;  field  south  of  the  town.  In  full 
flower  May  30,  1909;  still  in  bloom  June  5,  1910,  191 1. 

♦Narcissus  poeticus  L. 

Along  a  thicket  at  Trot's  Swamp  near  the  site  of  a  long-aban- 
doned farm,  July,  1912 ;  a  scattered  colony  in  a  basin-like  depression 
in  the  dry  commons  southwest  of  the  town,  associated  with 
Baptisia  tincioria  (L.)  R.  Br.,  Artemisia  caudata  Michx.,  Hudsonia 
ericoides  L.  and  the  bearberry,  the  flowers  withered  June  5,  1911. 

♦Iris  pseudacorus  L. 

About  Lily  Pond  where,  I  was  told,  it  had  been  collected  by 
Mrs.  Lydia  M.  Folger  as  long  ago  as  1889.  A  large  colony  along 
a  ditch  east  of  Union  Street,  1909  (Mrs.  Nellie  F.  Flynn). 

♦Sisyrinchium  angustifolium  Mill. 

Shawkemo,  two  plants  together;  Quaise,  sparingly  at  one 
station;  near  Grove  Lane;  west  of  Long  Pond  at  the  station  for 
Argentina  anserina  (L.)  Rydb.  In  full  flower  June  4,  1909,  and 
June  9,  1911. 

♦Peramium  pubescens  (Willd.)  MacM. 

Epipactis  pubescens  A.  A.  E^ton. 

Collected  on  Tuckernuck,  September  7,  1914,  by  Miss  Grace 
Brown  Gardner.  It  occurs  also  on  Martha's  Vineyard,  but  has 
not  as  yet  been  found  on  Nantucket  Island. 

♦CORALLORHIZA  MACULATA  Raf. 

Recorded  from  Nantucket  by  Dr.  Joseph  A.  Cushman  (see 
Rhodora  13:  105.  191 1).  A  specimen  in  full  flower  was  sent  to 
me  by  Miss  Gardner  with  the  information  that  it  was  collected 
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August  18, 1910,  in  pine  woods  nearMiacomet  Pond,  wherea  large 
numl)er  of  plants  were  found.  \ 

Persic  ARIA  Hartwrightii  (Gray)  Greene. 

Polygonum  Hartwrightii  Gray. 

Muddy  shore  of  Squam  Pond,  June  20,  1910,  not  yet  showing 
any  signs  of  flowering,  leaves  oblong-lanceolate  becoming  strig- 
ilk>><e,  many  of  them  marked  medially  with  a  dark  chevron; 
cxrreae  developing  a  foliaceous  and  spreading  fringed  margin, 
(miwing  sparingly  in  the  water  near  the  shore  was  a  weaker  gla- 
brate  form  with  floating  upper  leaves  and  unmargined  ocreae. 

•CHKNowmirM  (;laucum  L. 

A  speinmcn  sent  to  me  by  Mrs.  Flynn  was  a)llected  near  the 
railn>ad  in  the  town  August  7,  1911,  in  full  flower. 

•Salsola  pestifer  a.  Nelson. 

Salsola  Tragus  L. 

Not  ol)serve<l  l)efore  1912  when  two  plants  were  found  by 
street  sides  in  the  town,  and  a  small  colony  in  an  al)andoneii  chicken 
paddock  at  Surfside.     Just  in  flower  July  9. 

•Tetra(;<)NIA  expansa  Murr. 

Pnwjpect  Hill  rubbish  dump,  Septemlwr  15,  1913,  in  flower. 
Specimen  communicated  by  Miss  (jardner. 

•Silene  conic  a  L. 

Well  establishe<l  and  in  full  flom-er  and  fruit  in  the  comer  of  a 
field  north  of  the  town  June  16,  1911 ;  a  single  plant  on  a  l)ank  by 
the  railroad  l)eyond  Orange  Street,  July  18,  1910. 

•Silene  n(X'tifu>ra  L. 

One  plant  in  full  flower  in  a  weedy  yard  on  I'nion  Street. 
June  20,  1910.     Collected  by  Mrs.  Flynn  June  28.  i8<>5. 

•Silene  anglica  L. 

Si)ecimens  of  this  catchfly  fmm  Nantucket  and  reports  of  its 
occurrence  there  have  reachetl  me  fmm  several  sources.  It  dot*s 
not  appear,  howex-er,  that  it  has  U-en  found  outside  of  a  small 
garden  and  yani  on  Main  Street  where,  quite  proltably,  it  had 
once  l>een  cultivate<l.  I  saw  it  there,  evidently  sjxmtancous,  and 
scattered  here  and  there  like  a  ganlen  weeil. 
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♦Vaccaria  Vaccaria  (L.)  Britton. 

Vaccaria  vtdgaris  Host. 

In  abundance  in  a  grain  field  at  Quidnet,  July  21,  1910,  in  full 
flower,  Miss  Gardner;  weedy  yard  on  North  Water  Street,  June  27, 
19 10,  first  flowers;  waste  ground  at  Surf  side. 

♦Dianthus  plumarius  L. 

Scattered  through  the  grass  of  a  bank  on  Grove  Lane,  doubtless 
an  escape  from  an  adjoining  cemetery;  in  full  flower  June  21,  1910. 
On  Chappaquiddick  Island  it  is  thoroughly  established  at  one 
locality,  forming  an  uneven  turf  of  dense  cushion-like  tufts. 

♦Aquilegia  vulgaris  L. 

A  waif  in  waste  ground  on  Prospect  Hill,  September  22,  1913, 
herbarium  of  Miss  Grace  Brown  Gardner. 

♦Thalictrum  dasycarpum  Fisch.  &  Lall. 

Little  Neck,  in  low  grounds,  two  clusters,  the  tallest  plants 
fully  six  feet  high,  just  in  bloom  June  22,  1910;  bank  near  Watt's 
Run,  in  full  flower  July  11,  I9i2,much  less  mature  than  T.  revo- 
lutum  DC.  which  grew  near  by.  Apparently  not  before  reported 
from  New  England.  Specimens  collected  are  perfectly  typical  and 
agree  closely  with  authentic  material  from  the  western  states. 

♦Papaver  somniferum  L. 

Rubbish  dump  on   Prospect  Hill,  August   13,   1915,  in   full 
flower,  herbarium  of  Miss  Grace  Brown  Gardner;  waste   place, 
1895,  Mrs.  Nellie  F.  Flynn. 
♦Papaver  Rhoeas  L. 

At 'the  same  locality  as  the  above  July  14,  1915,  in  full  flower, 
herbarium  of  Miss  Grace  Brown  Gardner. 

♦Argemone  mexicana  L. 

West  Silver  Street,  July  15,  1910,  with  immature  fruit,  herb- 
arium of  Miss  Grace  Brown  Gardner. 

Lepidium  neglectum  Thellung. 

This  little-recognized  peppergrass,  earlier  recorded  in  this 
list,  but  with  a  mark  of  interrogation,  may  now  be  definitely 
added  to  the  Nantucket  flora.  A  single  plant  in  flower  and  fruit 
was  found  in  a  weedy  yard  on  North  Water  Street,  June  7, 1910, 
and  four  well-fruited  plants  in  an  old  chicken  paddock  at  Surfside, 
July  9,  1912. 
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•SiXAPIS  ALBA  L. 

Collected  by  Miss  Gardner  in  waste  ground  at  Prospect  HiII  in 
fkwer  and  fruit,  July  l6,  1916. 

•Brassica  oleracea  L. 

A  few  plants  by  weedy  street  sides  at  two  places,  1910,  191 1. 

*Barbar£a  Barbarea  (L.)  MacM. 

Barbarea  vulgaris  R.  Br. 

A  group  of  plants  on  Sea  Street  in  flower  and  fruit,  June  16, 
1 910;  border  of  Trot's  Swamp,  June  22,  1910. 

•1 AMELINA  SATIVA  (L.)  Crantz. 

Collected  by  Miss  Gardner  in  flower  and  fruit  at  Prospect 
Hill.  July  16,  1916. 

•Radiclla  sylvestris  (L.)  Druce. 

Polpis  roadside,  July  19,  1909;  rubbish  dump  west  of  the  town, 
Augus>t  21,  1913,  in  full  flower  at  both  dates,  collected  by  Miss 
Grace  Brown  Gardner. 

•Nkslia  paniculata  (L.)  Desv. 

Waste  yard.  North  Water  Street,  July  27,  191 1,  one  plant 
Ijearing  a  long  fruiting  raceme  and  a  few  terminal  flowers. 

•Arabidopsis  Thaliana  (L.)  Britton. 

Sisymbrium  Tkalianum  J.  Gay. 

Yard  on.  West  Silver  Street,  May  31,  1912.  in  flower  and  fruit; 
a>llected  by  Miss  Grace  Brown  Gardner. 

•Kf)Mc;A  MARITIMA  (L.)  R.  Br. 

Alyssum  maritimum  Lam. 

Old  wharf,  1894,  Mrs.  M.  P.  Robinson;  an  escape,  1895.  Mrs. 
Nellie  F.  Flynn  ifide  F.  G.  Hoyd). 

•HKsPhRls  MATRONALIS  L. 

An  occasional  n>adside  weed  in  the  town;  waste  place  towards 
Mrmomoy,  in  full  flower  June  3,  191 1. 

•Skdi  m  tklkphioidks  Michx. 

Nt>  introduced  native  plant  that  has  l)ccn  found  on  Nantucket 
affonU  greater  cause  for  surprise  from  its  (xcurrence  there  than 
ihift  ^fiecie*.  It  was  collected  by  Miss  Gardner  in  a  waste  yard 
in  the  town.     The  specimen  sent  me  Invars  date  SeptemlH*r,  1 914, 
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and  IS  in  full  flower.  It  has  been  carefully  compared  at  the  New 
York  Botanical  Garden,  in  conjunction  with  Dr.  Britton,  and 
agrees  so  closely  with  authentic  material  in  the  herbarium  that 
although  we  feel  some  slight  hesitancy  in  pronouncing  it  identical 
there  seem  to  be  no  reasonable  grounds  for  doubting  its  equivalency. 
The  species  has  been  grown  in  botanical  gardens  but  is  not  in 
general  cultivation,  and  how  or  when  it  came  to  be  transported  to 
Nantucket  is  hard  to  conjecture.  Miss  Gardner  writes  me  that 
''it  has  grown  for  years  in  a  neglected  yard  on  Milk  street  and  is 
occasionally  found  in  old  yards  and  lanes  in  the  south  part  of  the 
town." 

♦Hamamelis  virginl\na  L. 

''Thicket  opposite  Bloomingdale,"  1896,  Mr.  L.  L.  Dame, 
reported  in  a  letter  to  Mrs.  Owen,  fide  Mr.  F.  G.  Floyd.  Mr. 
Dame's  determination  of  this  unmistakable  shrub  cannot  be  ques- 
tioned and,  although  it  has  not  been  met  with  on  Nantucket  by 
any  other  collector,  it  is  perfectly  at  home  in  parts  of  Martha's 
Vineyard.  The  only  representative  on  Nantucket  of  the  family 
Hamamelidaceae. 

♦Fragaria  terrae-novae  Rydb. 

In  the  herbarium  of  the  New  York  Botanical  Garden  is  a 
specimen  of  this  strawberry  determined  by  Dr.  Rydberg,  which 
was  collected  at  Siasconset  June  8,  1900,  by  Miss  M.  A.  Day 
(Plants  of  Nantucket,  No.  9). 

*Potentilla  recta  L. 

Collected  by  Miss  Gardner  in  waste  ground  on  Prospect  Hill, 
August  23,  1913,  in  flower  and  fruit.  Mrs.  Flynn  writes  me  that 
she  found  it  "quite  abundant  in  the  Catholic  Cemetery  where  it 
was  probably  introduced  in  grass  seed." 

*Filipendula  Ulmaria  (L.)  Maxim. 

Found  at  Consue  Spring,  July  9,  1912,  freshly  in  flower  and 
forming  part  of  a  tall  weedy  growth,  some  of  the  plants  being 
nearly  six  feet  in  height. 

Rosa. 

By  a  sort  of  routine  and  acquiescent  view  all  the  wild  roses  of 
Nantucket  that  are  not  Rosa  Carolina  L.  might  seem  to  pass  readily 
enough  to  Rosa  virginiana  Mill.     Nevertheless  it  may  easily  be 
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diACoverrd  that  there  are  some  palpable  misfits  with  that  species, 
variable  though  it  be.  Certain  specimens  indeed  clearly  raise 
the  question  whether  there  may  not  l)e  other  species,  at  present 
undihtinguished  from  R,  virf^iniana,  that  l)elong  to  the  island's 
flora.  The  final  answer  may  well  l)e  an  affirmative  one,  yet  it  can 
scarcely  precede  a  more  critical  study  of  the  subject  than  has  yet 
l>een  attempted. 

One  of  these  nona)nforming  roses  has  already  l)een  discussed 
in  Part  V'lII  of  this  paper  (Bull.Torrey  Club  38:  450-451.  191 1). 
Another.  a)llected  at  Wauwinet  and  in  Shawkcmo,  is  somewhat 
intermediate  l)etween  /?.  virf^inianc  and  /?.  Carolina;  Dr.  Rydl)erg, 
H'ho  has  examined  the  specimens,  surmises  that  it  may  t)e  a  hybrid. 

Yet  another  rose,  collected  only  in  Tom  Never's  Swamp,  differs 
frf)m  R,  virginiana  by  densely  bristly  new  shoots,  straight  and 
slender  infrastipular  spines,  moreolxnate  leaflets  of  a  livelier  green 
color,  shining  on  the  upper  surface  and  bright  grei*n  l)eneath,  the 
common  rachis  often  iK'aring  numerous  stalke<l  glands,  the  flowers 
solitary  or  few  ttigether.  Dr.  Rydl)erg  has  determineti  this  to  l)e 
the  Rosa  obovata  of  Rafinesque  (R,  laxa  Lindley),  a  rose  that  has 
missed  recognition  by  later  lx)tanists  and  the  exact  status  of  which 
remains  to  be  determined.  On  Nantucket  it  was  collectetl  June  15, 
IQII,  not  then  in  flower;  it  was  sul)sequently  found  on  1-ong  Beach, 
lumg  Island,  in  full  bl<x>m.  On  l)()th  occasions  it  was  not  doubte<l 
that  it  was  a  different  n)se  from  R.  virf^iniana  which  grew  ck>se 
atxHit  it,  its  afllinity  ap(K*aring  to  Iw  rather  with  R.  nitida  Willd. 

Another  ambiguous  Nantucket  n)se,  collecte<l  on  C\)atue, 
agn*es  with  the  precetling  in  its  densely  bristly  stems,  but  differs 
in  its  strong  and  bnmd-lMsiH]  h<M)ked  prickles,  more  glandular 
hy(>anthium  and  narrower  leaflets.  It  is  such  a  plant  as  might  Ik» 
preilictetl  from  a  crossing  of  /?.  obovata  with  R.  vir^iniana,  and, 
quite  possibly,  such  a  jwrentage  may  have  U'en  its  actual  origin. 

•LaTHVRIS  U^TIFOLII  S  L. 

Waste  gn>und,  Pros|R*ct  Hill.  August  3,  M>I5,  Miss  (»ratx* 
Bn)wn  (ianiner;  a  cluster  in  full  flower  in  the  south  fKirt  of  the 
town  June  23,  i<)io, 

V'iciA  AN<-.isnF<HJA  (L.)  Reichard. 

Plants  are  fre<iuent  wht)se  leaf  characters  corresfKmd  to  thoM.' 
of  the  var.  senetalis  (Thuillier)  K<K'h. 
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♦ViciA  Cracca  L. 

Scattered  in  tangled  masses  through  a  field  east  of  Island  Home, 
June  28,  1912;  abundant  and  in  full  flower  in  a  sandy  field  at  Surf- 
side,  July  9,  1 912. 

♦Acer  Negundo  L. 

An  estray  from  cultivation.  Collected  by  Mrs.  Flynn  in  full 
flower  May  5,  1906. 

*Abutilon  Theophrasti  Medic. 

Rubbish  dump  on  Prospect  Hill,  collected  by  Miss  Gardner  in 
full  flower  September  9,  1914. 

♦Viola  tricolor  L. 

Scattered  sparingly  through  the  grass  of  a  lawn  on  North 
Water  Street,  in  full  flower,  June  20,  1910. 

♦Lythrum  Salicaria  L. 

In  August,  1916,  Miss  Gardner  sent  me  fresh  specimens  of  the 
typical  form  of  this  plant  from  a  field  near  No-bottom  Pond,  and 
also  a  specimen  of  var.  tomentosum  (Mill.)  DC.  from  a  field  near 
Lily  Pond,  both  collected  by  Mrs.  G.  A.  Spear.  The  typical 
plant  had  not  previously  been  found  on  Nantucket. 

So  different  of  aspect  are  these  two  plants,  and  so  well  defined 
are  comparative  differences  between  them  that  the  eye  hesitates  to 
accept  them  as  being  of  no  greater  diversity  than  mere  variants  of 
a  single  species.  The  Nantucket  var.  tomentosum  is  not  exceptional, 
for  when  I  have  met  with  it  elsewhere  its  differences  from  true 
L.  Salicaria  were  equally  pronounced.  It  may  be  significant  of 
different  soil  preferences  of  the  two  plants  that  var.  tomentosum 
appears  to  be  the  only  one  that  is  found  along  the  sandy  south 
shore  of  Long  Island  where,  though  scarce,  it  is  widely  scattered, 
while  the  locally  abundant  plant  of  heavy  wet  soils  along  the 
Hudson,  and  inland  in  boggy  places  among  the  hills,  is  the  typical 
form. 

♦Oenothera  rubescens  Bartlett. 

Little  is  known  of  this  Oenothera  recently  described  by  Dr.  H.  H. 
Bartlett  from  plants  raised  from  Nantucket  seeds  (Cybele  Colum- 
biana i:  50.  1914).  It  is  probable  that  the  living  plant  also 
has  been  collected  on   Nantucket.     Specimens,  not  yet  mature, 
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of  a  form  found  there  that  I  was  unable  to  place  were  submitted 
to  Dr.  Bartlett»  who  wrote  me  in  regard  to  them  under  date  of 
November  28,  1914:  **They  appear  to  be  my  n.  sp.  Oe.  rubescens, 
to  be  published  shortly.  The  seeds  came  to  me  from  Professor 
Oorge  F.  Atkinson*  at  Ithaca,  and  were  originally  a>llected  on 
Nantucket  by  Miss  Grace  B.  Gardner.  I  drew  up  my  description 
this  summer  from  living  plants." 

•Oenothera. 

Miss  Gardner  has  sent  me  specimens  of  an  Oenothera  collected 
by  her  on  Nantucket,  August  24,  191 5,  which  differs  strikingly 
from  any  form  I  have  myself  seen  there.  It  is  in  full  flower  and 
early  fruit  and  is  notable  from  the  perfectly  glabrous  axis  of  the 
inflorescence,  glabrous  capsules  and  small  early  deciduous  subtend- 
ing bracts;  the  hypanthium  is  slender  and  glabrous,  Ixxoming 
ov'er  3  cm.  long,  and  the  tips  of  the  calyx  lol>es  are  hispid  with  trans* 
lucent  div'erging  hairs.  The  leaves  subtending  the  branches,  these 
being  the  only  ones  seen,  are  thin,  oblong-  to  ovate-lanct*t)late 
on  slender  petioles  and  thinly  short-puln-scent,  their  margins 
distantly  glandular-denticulate;  the  branches  are  thinly  roughish- 
pubescent  toward  the  base,  the  longer  hairs  flexuous  and  arising 
fn)m  minute  red  papillae. 

•Hedkra  Helix  L. 

The  European  ivy  flourishes  on  Nantucket  and  ha>  l)ea>me 
locally  well-establisheti  away  from  rullivate<l  gn)unds.  (>n  Sunset 
Hill  it  may  be  seen  running  through  the  grass  in  dense  masx>s 
and  clothing  old  fence  posts  and  tree  trunks  with  all  the  vigor  and 
luxuriance  of  our  native  Virginia  creefKT.  Flowers  profust^ly  in 
Septemlier. 

•Erica  vac.ans  L. 

Miss  Alice  ().  AUnrrtson  has  sent  me  flowering  sf)ecimens  of 
this  Euro|)ean  heath  which  were  a>llecte<l  by  Miss  Eleanor  Ouen 
"among  pine  trees  north  of  Head  of  Humm<K'k  Pond,"  August  10, 
1915.  The  specimens  sent  are  two  small  sprays,  each  l^Mring 
three  clusters  of  flowers. 

Much  has  lK*en  written  alH)ut  the  three  heaths  common  in  the 
British  Isles  that  have  long  In^en  known  in  grow  on  Nantucket, 
Init  it  seems  never  to  have  In'en  susfK^ctwi  that  a  fourth  >jkh  ies 
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belongs  to  the  wild  flora  of  the  island.  How  long  it  has  grown 
there  and  by  what  agency  it  became  established  may  never  be 
known,  but  it  is  to  be  hoped  that  its  station  will  be  rediscovered 
and  careful  observations  made  to  ascertain  if  there  be  not  in  the 
surroundings  some  hint  as  to  its  origin  there. 

Mrs.  Owen  has  told  us  that  in  days  now  long  past  persistent 
efforts  were  made  to  increase  the  heather  on  Nantucket,  and  that 
seeds  of  both  purple  and  white  heather  had  been  sown  on  the 
commons.  Presumably  these  seeds  came  from  Great  Britain 
and  the  white  heather  referred  to  was  the  white-flowered  form  of 
the  Scotch  heather  or  ling.  Erica  vagans^  sometimes  called  the 
Cornish  heath,  is  a  species  more  especially  of  the  Mediterranean 
region,  and  is  of  local  occurrence  only  as  far  north  as  the  British 
Isles.  It  has  occasionally  been  offered  here  in  tradesmen's  cata- 
logues. 

*CuscuTA  Epithymum  Murr. 

Specimens  in  full  flower  have  been  sent  to  me  by  Miss  Gardner, 
collected  by  her  in  Squam  August  19,  1915,  growing  on  Laciniaria 
scariosa  (Willd.)  Hill. 

Note. — In  a  paper  by  the  late  Professor  John  H.  Sears  (see 
Rhodora  10:  43.  1908)  is  a  list  of  plants  of  more  southern  dis- 
tribution that  occur  in  Essex  County,  Massachusetts,  with  mention 
of  their  nearest  known  stations  south  of  Boston.  Included  in  this 
list  is  Cuscuta  arvensis  Bey  rich,  its  nearest  station  south  being 
given  as  Nantucket. 

Galeopsis  Tetrahit  L. 

Mrs.  Flynn  has  sent  me  a  specimen  of  this  species  collected  in  a 
waste  place  west  of  the  town  August  14,  191 1,  a  much  branched 
and  well-seeded  plant  bearing  some  late  flowers.  Both  this  species 
and  Galeopsis  Ladanum  L.  have  already  been  mentioned  in  this 
list,  having  been  admitted  into  Mrs.  Owen's  catalogue.  No  other 
evidence  has  appeared  respecting  the  latter  as  a  Nantucket  plant. 

*Clinopodium  vulgare  L. 

Satureia  vulgaris  Fritsch. 

Miss  Alice  O.  Albertson  has  sentsome  flowering  specimens  of  this 
mint  collected  by  her  September  16,  1916,  in  a  field  opposite  the 
Franklin   Fountain  where  it  was  first  discovered  by  Professor 
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John  \V.  Harshberger  in  August,  191 5.  It  had  not  before  been 
known  from  Nantucket  and  we  must  suppose  it  to  be  an  intro- 
duction more  or  less  recent. 

•Mentha  glabra ta  (Benth.)  Rydb. 

SJentha  canadensis  var.  glabraic  Benth. 

C\)llecte<l  by  Miss  Gardner  at  Wauwinet  in  full  flower  July  24, 
1915.  Plant  evidently  bright  green,  leaves  narrow,  attenuate  at 
base,  rather  distantly  low-serrate,  glabrate.  On  Nantucket 
Mentha  canadensis  L.  shows  a  marked  tendency  towards  an  unusual 
degree  of  pubescence,  and  extreme  examples  even  closely  approach 
the  more  northern  var.  lamiia  Piper.  The  glabrate  plant  is  thus 
at  contratit  with  the  ordinary  Nantucket  form  in  a  ver>'  marked 
degree.  At  Alexandria  Bay  on  the  St.  Lawrence,  where  I  once  met 
with  it,  it  appeared  so  unlike  A/,  canadensis  that  I  did  not  at  first 
suspect  its  close  relationship.  Its  unmistakably  different  and 
pleasanter  fragrance  seemed  especially  noteworthy. 

•SoLANi'M  viLU)srM  (Mill.)  I^m. 

Mrs.  Flynn  has  sent  me  an  excellent  s|X'cimen  of  this  plant  in 
floKver  and  early  fruit  collected  by  her  in  a  yard  at  Milk  and  Main 
Streets.  Septeml)er  4,  1901.  The  plant  is  over  6  dm.  high,  openly 
branched,  with  thin  sinuate-dentate  leaves,  and  is  more  or  less 
vill<nis-put)escent.throughout.  especially  on  the  younger  |>arts.  and 
e\'idently  somewhat  viscid;  the  inflort^x-nce  is  racemose  rather 
than  sul>-a)rymlK)se  as  in  S.  peregrinum  Bicknell,  the  calyx  lolxn* 
membranous,  only  slightly  if  at  all  venose,  and  triangular  acute; 
the  flowers  appear  to  Ik?  somewhat  larger  than  those  of  S.  nif^rum  L.. 
their  anthers  1.5  1.75  mm.  long  on  glabrous  filaments.  It  agrees 
closely  with  many  authentic  s|)ecimens  of  S.  villosum  fn>m  Colorado 
and  Idaho  to  Washington  and  (^alifomia.  I  am  not  aware  that  it 
has  ever  l)een  refK)rte<l  from  New  Kngland. 

•Astkr  ERirOIDKS  L. 

In  Miss  (lardner's  herlwrium  I  found  a  sfx*cimen  of  this  aster 
fn)m  Tuckernuck.  collecteil  St*ptemlH»r  14.  191 4.  It  is  a  someinhat 
pul>eM:ent  form  approaching  the  var.  uliosus  T.  &  (i.  and  agreeing 
rather  closely  with  exampli*s  from  (^happaquiddick  Island  where, 
as  elsewhere  on  Martha's  Vineyard,  it  is  a  scarce  plant. 
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I.  INTRODUCTION 
Hant  growth  is  defined  technically  as  any  permanent  change 
of  hhape  or  size  produced  by  the  activity  of  the  plant  (r/.  Jost,  '13. 
P  339;  Pfeffer,  '06,  p.  i).  The  movements  of  Drosera  tentacles, 
Uing  reactions  to  stimuli,  are  determined  by  the  activity  of  the 
Proscra  plant.  Moreover,  bending  is  accompanied  by  a  perma- 
m-nt  elongation  of  the  convex  side  of  the  tentacle  and  unbending 
t'V  a  corre^()Oiiding  increase  in  the  length  of  the  concave  side 
<H<K>ker  *i6).  These  movements  are  therefore  phenomena  of 
gnrMth.  The  term  "growth"  obviously  includes  a  numlKT  of 
pnjrt'^*.<'s,  which  may  l)e  determined  by  changes  in  the  amount  of 
protoplasm,  cell-wall  material  or  osmotically  active  8ul)stances. 

II.     EXPERIMENTAL   DATA 
I.  Osmotic  CONCENTRATION 
In  onler  to  obtain  a  more  detailed  knowledge  of  the  growth 
which  tmngs  about  the  movement  of  Drosera  tentacles,  the  con- 

*  (  tiaUibttUoo  from  the  Ovborn  Botanual  Laboratory. 
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centration  of  osmotically  active  material  dissolved  in  their  cells 
was  measured  by  plasmolysis.  For  this  purpose  solutions  of 
potassium  nitrate  and  glucose  were  prepared.  The  osmotic  con- 
centration of  plant  cells  may  be  compared  with  the  concentrations 
of  these  substances  in  terms  of  their  relative  osmotic  values. 
Consequently  osmotic  concentrations  will  be  measured  in  atmos- 
pheres as  follows: 

Solutions  of  KNOs  Solutions  of  kIucom 

Atmospheres  in  percentages  in  percentages 

5 1.43 3.8s 

6 1. 71 4.6a 

7 2.00 5.40 

8 2.29 6.17 

9 2.57 6.9s 

10 2.86 7.71 

II 3.14 8.48 

" 3.43 9.25 

13 3.71 10.02 

14 4.00 10.80 

15 4.29 1 1 .58 

Tentacles  of  the  Drosera  were  removed  from  the  leaf  with 
forceps,  placed  in  prepared  solutions,  mounted  and  examined  under 
the  high  power  of  the  microscope.  Plasmolysis  was  found  to  be 
most  readily  detected  in  slightly  pigmented  cells,  and  whenex'er 
possible  tentacles  with  stalks  composed  of  such  cells  were  selected. 
In  case  aggregation  occurred,  the  first  traces  of  plasmolysis  were 
much  more  difficult  to  make  out.  Tentacles  were  treated  and 
examined  when  straight;  just  after  bending  in  response  to  a  tactile 
stimulus;  when  fully  bent;  during  unbending;  and  when  again 
straight.  The  first  procedure  was  to  place  tentacles  in  each  of  the 
prepared  potassium  nitrate  solutions  and  to  examine  them  for 
traces  of  plasmolysis.  The  results  obtained  by  this  general 
orientation  were  repeated  and  verified  by  numerous  subsequent 
experiments  both  with  potassium  nitrate  and  with  glucose  solu- 
tions. The  data  given  with  glucose  solutions  were  practically 
identical  throughout  with  the  results  furnished  by  the  potassium 
nitrate  solutions.  The  final  data  given  below  are  expressed  in 
terms  of  the  most  concentrated  solution  that  failed  to  plasmol>^. 

The  epidermal  cells  on  the  pedicels  of  the  tentacles  have 
strongly  cutinized  outer  walls  which  are  impermeable  to  salt  and 
sugar  solutions.    The  solution  reaches  the  inner  cells  of  the  ten- 
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tacle  by  way  of  the  gland  at  the  apex  and  the  broken  end  at  the 
l)aae  where  the  tentacle  was  formerly  attached  to  the  leaf  blade. 
In  many  caiics  it  was  found  necessary  to  puncture  the  cuticle  in 
sev'eral  places  with  a  needle,  or  else  to  cut  the  pedicel  into  segments 
with  a  razor,  in  order  to  give  the  solutions  access  to  all  the  cells  of 
the  tentacles. 

1.  Strait^kt  tenUuUs, — Examination  of  over  thirty  normal 
marginal  tentacles  with  potassium  nitrate  and  of  twenty  with 
glucose  solutions  showed  the  cells  of  the  apical  half  of  the  pedicel 
to  have  a  higher  osmotic  concentration  than  the  cells  of  the  basal 
half.  The  latter  ranged  from  eight  to  nine  atmospheres;  the 
former  from  nine  to  eleven.  In  a  few  instances  the  cells  on  the 
dorsal  and  ventral  surfaces  of  the  basal  portion  of  the  pedicel 
had  a  higher  osmotic  concentration  than  the  cells  on  the  flanks. 
I)e  Vries  ('86,  pp.  4,  5)  found  that  the  cells  of  Drosera  tentacles 
were  plasmolyzed  by  a  three  percent,  solution  of  potassium  nitrate, 
but  not  by  a  two  per  cent,  solution.  This  is  seen  to  hold  for  all 
the  stalk  cells  excepting  those  at  the  apical  end  just  below  the 
gland. 

2.  Bending  teniacUs. — The  glands  of  numerous  tentacles  were 
stimulated  by  rubbing  with  a  fine  brush  and  after  fifteen  to  twenty 
minutes,  when  the  tentacles  had  bent  through  an  angle  of  go^  to 
120*,  they  were  removxd  and  placed  in  a  two  percent,  potassium 
nitrate  solution.  This  treatment  did  not  cause  the  tentacles  to 
unbend.  They  were  then  mounted  in  some  of  the  same  solution 
and  covered  with  a  supported  cover-glass.  Since  the  tentacles 
were  curved,  the  diflferent  eflfect  of  the  solution  on  the  a)nvex  and 
concave  sides  of  the  tentacle  could  be  olwerved.  In  nearly  all 
cases  where  the  movement  was  rapid,  the  two  per  cent,  potassium 
nitrate  solution  had  plasmolyzed  the  cells  in  the  bent  region  on  the 
convex  or  al>axial  side,  while  the  cells  on  the  ctincave  or  adaxiai 
side  showed  no  effect.  Similar  results  were  obtained  by  using  a 
54  per  cent,  gluaise  solution.  Examination  of  fifty  tentacles  with 
potassium  nitrate  and  of  thirty-five  with  glua>se showed  the  osmotic 
concentration  in  the  al>axial  cells  to  be  from  six  to  eight  atmcts- 
pheres.  in  the  adaxial  cells  from  eight  to  nine  atmospheres.  The 
osmotic  concentration  of  the  cells  on  the  convex  side  had  the  re  I  ore 
diminished  during  bending;  that  of  the  cv\h  on  the  ix>n(a\e  nido 
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had  remained  practically  unchanged.  The  greatest  diminution 
in  the  osmotic  concentration  of  the  cells  on  the  convex  side  was 
observed  in  those  tentacles  that  reacted  most  rapidly.  In  a  few 
cases  of  exceptionally  slow  movement  no  diminution  was  observed, 
the  osmotic  concentration  being  either  eight  or  nine  atmospheres. 
The  osmotic  concentration  of  the  cells  in  the  upper  half  of  the  stalk 
was  found  to  be  the  same  as  in  the  unbent  tentacle. 

3.  Bent  tentacles. — ^Tentacles  were  stimulated  by  placing  small 
flies  on  their  glands,  and  after  bending  had  proceeded  as  far  as 
possible  the  tentacles  were  removed  and  examined.  In  twenty- 
five  tentacles  treated  with  potassium  nitrate  solutions  and  fifteen 
tentacles  treated  with  glucose  solutions,  the  cells  at  the  base  of 
the  pedicel  and  in  the  bent  region  had  an  osmotic  concentration 
of  nine  to  eleven  atmospheres,  there  being  no  difference  between 
the  two  sides  of  the  tentacle.  The  cells  of  the  apical  portion  of 
the  pedicel  were  found  to  have  an  osmotic  concentration  of  ten 
to  thirteen  atmospheres.  In  a  few  exceptional  cases  the  cells  in 
the  latter  region  appeared  to  have  a  higher  osmotic  concentration, 
but  the  detection  of  plasmolysis  was  particularly  difficult  because 
these  cells  were  smaller  than  the  basal  cells  and  their  contents 
were  strongly  aggregated. 

4.  Unbending  tentacles, — Twenty  tentacles  in  process  of  un- 
bending were  examined  with  potassium  nitrate  solutions  and  the 
results  were  checked  by  the  examination  of  twelve  more  with 
glucose  solutions.  The  osmotic  concentration  of  the  cells  in  the 
basal  half  of  the  pedicel  was  from  eight  to  ten  atmospheres;  in  the 
apical  half  from  nine  to  eleven.  No  difference  was  observed  in 
the  osmotic  concentrations  of  the  cells  on  the  concave  and  convex 
sides. 

5.  Unbent  tentacles, — Eighteen  tentacles  which  had  become 
straight  after  completing  a  reaction  were  examined  and  found  to 
be  similar  in  osmotic  concentration  to  the  normal  tentacles  before 
reaction. 

The  experimental  data  given  above  are  summarized  in  the 

following  table: 

Three  significant  facts  should  be  noted,  namely: 

I.  The  osmotic  concentration  of  the  pedicel  cells  increases 

from  the  base  to  the  apex. 
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2.  During  rapid  bending  the  osmotic  concentration  of  the 
at>axial  cells  in  the  growing  region  dei^reajfcii. 

3.  When  the  tentacles  are  In^nt,  the  cells  have  a  higher  osmotic 
ami^entration  than  at  any  other  time. 

2.    R.\I1IK>II)S 

Ralxloids  were  first  discovere<l  by  (iardiner  ('85)  in  Drosera 
duhoioma,  and  he  states  that  in  Dionaea,  Drosera  roiundifolia  and 
other  hfKfies  of  Drosera  ralxloids  occur  which  resemble  those  of 
Drosera  dkhotoma,  (iardiner  descril)e<l  the  raUloid  iu*  a  Ixxly, 
usually  spindle-shaped  or  acicular,  which  occupies  such  a  position 
that  it  stretches  diagonally  across  the  cell  from  end  to  end.  the 
two  extremities  Ixring  iml)e<lded  in  the  cell  pmtoplasm.  They 
were  present  in  all  the  epidermal  cells  of  Drosera  dichotoma  leaves 
except  the  gland  cells  and  the  cells  immediately  lieneath  the  glands. 
In  the  t)ending  region  of  those  tentacles  capable  of  movement 
they  wen*  larger  in  the  epidermal  cells  on  the  al)axial  side  than  on 
the  adaxial  side  where  they  were  very  small  or  apfiarently  al>M'nt. 
When  these  cells  lost  their  turgidity  the  rabdoids  contracted  and 
!«e(karate<i  into  two  or  more  parts,  but  regained!  their  spindle  sha[>e 
when  turgidity  was  n*stored.  A  sudden  blow  on  the  cover  gUiss 
also  cauMti  the  ralxloids  to  assume  a  spherical  form. 

The  presience  of  ralxloids  in  the  epidermal  cells  of  Drosera 
roiundifolia  leaves  was  n>nfirme<l.  They  cx'cur  in  all  the  epidermal 
ceIN  <if  the  fx»tiole,  of  the  leaf  blade  and  of  the  l)as;il  |K)rtion  of  the 
tentacles,  including  the  lK*nding  region.  Each  cell  contains  a 
single  ralxloid.  rarely  two  raUloids,  situate<l  near  the  outer  wall 
and  jKirallel  with  it.  After  a  leaf  has  fe<i  on  insects,  the  ralMlcnds 
are  distinctly  larger  than  iR^fore.  When  plants  are  deprivwl  of 
inM'Cti\orous  f<xxl  for  any  considerable  fXTicKl,  the  ralxloids 
<lwindle  until  they  are  Uirely  noticeable.  Su<lden  shcxlcs  pnxiuctHi 
by  tapping  the  a)ver  glass  or  gradual  pres^ure  sustaine<l  for  a 
consi<lerable  [xticxI  of  time  cause  the  ralxloi<^^  to  alter  their  shajx*. 
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They  contract  at  each  end  so  that  they  have  the  appearance  of 
dumb-bells,  and  finally  separate  into  several  disk-shaped  parts. 
In  extreme  cases  they  separate  into  a  large  number  of  droplets 
which  exhibit  Brownian  movement.  No  marked  difference  was 
observed  in  the  size  of  the  rabdoids  on  opposite  sides  of  the  tentacle 
in  the  bending  region,  and  no  alteration  was  visible  during  move- 
ment. The  function  of  the  rabdoids  is  not  apparent.  It  seems 
probable,  however,  that  they  are  connected  in  some  way  with  the 
process  of  secretion,  rather  than  with  the  mechanics  of  movement. 
Gardiner  ('85)  suggested  that  they  might  be  reserve  material  or 
some  substance  used  up  during  secretion.  This  seems  to  be  borne 
out  by  the  fact  that  they  are  of  protein  composition  according  to 
Tunmann  ('13,  p.  481). 

3.  Unbending  by  plasmolysis 

Although  a  two  per  cent,  solution  of  potassium  nitrate  usually 
plasmolyzes  the  cells  on  the  convex  side  of  a  bending  tentacle,  this 
does  not  cause  the  tentacle  to  become  straight  (see  De  Vries,  '86, 
p.  5).  More  concentrated  solutions  produce  unbending.  For  a 
short  time  after  the  tentacle  is  fully  bent  complete  plasmolysis 
still  causes  unbending,  but  when  the  tentacle  has  been  bent  a 
considerable  period  and  during  unbending,  plasmolysis  does  not 
alter  its  shape. 

The  xylene  experiment  which  W.  H.  Brown  ('12,  *i6)  made  on 
Dionaea  and  Mimosa  was  tried  on  Drosera  tentacles,  but  no  positive 
results  were  obtained.  Bent  and  bending  tentacles  were  killed 
in  boiling  water,  treated  with  95  per  cent,  alcohol,  absolute  alcohol 
and  xylene.  No  unbending  ensued.  This  may  indicate  a  dif- 
ference between  the  mechanics  of  movement  in  Drosera  and  in 
such  plants  as  Dionaea  and  Mimosa.  However,  the  failure  of  the 
experiment  may  have  been  owing  to  faulty  technique,  although 
the  description  of  the  process  by  Brown  ('16,  p.  78)  was  followed 
in  detail. 

III.     DISCUSSION 

I.  Increased  turgidity  as  the  means  of  movement 
The  straightening  of  bent  tentacles  by  plasmolysis  shows  the 
cell  elongation,  which  is  the  immediate  cause  of  bending,  to  be  a 
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paM%ive  htretching  of  the  walls  by  turgidity.  This  conclunion  is 
a>rn)lx)rated  by  direct  ob«er\'ation.  During  l>endinK  the  cells  on 
the  convex  side  in  the  curved  region  as  seen  under  the  microscope 
are  noticeably  distended,  the  outer  walls  appearing  in  optical 
cn>ss-section  as  arcs  extending  Iwtween  the  end  walls.  A  simple 
way  of  demonstrating  this  is  affordetl  by  mounting  a  straight 
tentacle  in  a  one  per  cent,  solution  of  tartaric  acid,  covering  it 
with  a  supported  cover  glass  and  examining  under  the  microscope. 
Tartaric  acid  as  well  as  dilute  solutions  of  many  other  organic 
and  mineral  acids  induce  rapid  and  violent  l)ending.  The  acid 
enters  the  tentacle  thmugh  the  broken  end  of  the  pedicel  at  the 
base,  where  it  was  formerly  attached  to  the  leaf-blade,  and  affects 
the  t)ending  region  directly,  for  inflexion  pnx-eeds  e\'en  when  the 
gland  has  not  been  stimulated  in  any  way  either  by  t)eing  touched 
or  by  coming  in  a)ntact  with  the  acid  solution.*  (iardiner  1*85) 
observed  that  in  well-inflected  tentacles  of  Drosera  dichotoma  the 
cells  on  the  convex  side  at  the  l)ending  point  are  ver>'  turgid.  It 
must  be  borne  in  mind  that  turgidity  is  the  external  manifestation 
of  a  balance  l>etween  two  antagonistic  factors;  one  factor  due  to 
the  presence  of  osmotically  active  sul>stances  in  solution  tends  to 
increase  the  volume  of  the  cell  and  to  stretch  the  wall;  the  other 
factor  due  to  the  elasticity  of  the  cell-wall  tends  to  a)mpress  the 
cell  contents.  An  increase  in  the  size  of  the  cell  under  such  cir- 
cumstances follows  either  from  an  incn.Mst»  in  the  amount  of  os- 
motically active  material  or  from  a  diminisheti  elasticity  of  the 
cell-wall,  unless  simultaneous  changes  in  permeability  interfere. 

(a)  Osmotic  concentration 
The  ex()erimental  data  show  that  during  t)ending  the  osmotic 
amcentration  in  the  cells  on  the  al)axial  side  of  the  petiicel  in  the 
gn>wing  region  falls  fmm  eight  or  nine  to  six  or  eight  atmc>si)hen's. 
It  is  at  once  evident  that  the  elongation  of  the  cells  is  not  the 
result  of  an  increase  in  the  amount  of  osmotically  active  material. 
Exact  data  concerning  the  increase  in  length  of  the  ahaxial  side 

•  The  hriulinf  pn>dmTtl  in  clrta(.hc<l  trntaLU*«  by  thi»  nuan*  \*  Irr^jurnih  A-tun- 
Uhing.  Thr  tentaclr  may  Iwnd  arountl  compWirly  tm  ii««l!  until  it  form*  a  "pirjil. 
It  U  known  that  MtmuUtMm  <»!  thr  xUntU  ul  l}r^>^era  tmtAtU-n  i«  ti.l)imr«)  h\  thr 
•riTrtion  ul  an  and  U  it  pf>«»iblr  ttiat  thr  tmpulM-  whuh  i«  ii'n<luttf<)  tri-m  tttr 
gland  dfiwn  the  prdicrl  to  thr  tia«r  lA  thr  trntactr  and  uhu  h  tti*  rr  «tart>  ni"\t  nt<  nt 
M  thr  a^'id  •r<rrtr<!  hy  thr  cUnd  diffu«inK  from  <rll  tttiTll' 
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during  bending  is  given  in  a  previous  paper  (Hooker,  'i6).  An 
average  of  eleven  measurements  taken  in  the  region  of  most  active 
growth  shows  the  increase  to  be  about  27  per  cent,  of  the  original 
length.  In  one  typical  example  (ibid,  f,  6),  cells  on  the  abaxial 
side  {ibid.  Table  HI,  segment  5)  in  the  bending  region  grew  from 
045  mm.  to  0.57  mm.,  an  increase  of  26.6  per  cent.  Assuming 
the  other  dimensions  of  the  cell  to  remain  unaltered,  the  increase 
in  volume  of  the  cells  in  this  region  would  be  proportional  to  the 
increase  in  length.  An  increase  in  volume  must  be  accompanied 
by  a  corresponding  decrease  in  osmotic  concentration.  Thus  if 
the  original  concentration  were  eight  atmospheres,  we  should 
expect  as  the  result  of  an  increase  in  volume  of  26  per  cent,  an 
equivalent  decrease  in  osmotic  concentration,  that  is  a  fall  from 
eight  to  six  atmospheres.  When  it  is  considered  that  the  meas- 
urements of  osmotic  concentration  were  taken  before  bending 
was  completed,  and  that  soon  after  the  tentacle  is  bent  the  cells 
restore  their  original  osmotic  concentration,  a  process  that  must 
commence  soon  after  bending  begins,  we  see  that  the  maxi- 
mum decrease  in  osmotic  concentration  observed  is  amply  ac- 
counted for  by  the  increase  in  volume  of  the  growing  cells.  The 
maximum  decrease  observed  was  approximately  25  per  cent.;  the 
increase  in  length  averaged  27  per  cent.;  the  correspondence  is 
well  within  the  limits  of  probable  error.  The  alteration  of  osmotic 
concentration  is  therefore  a  result  of  the  growth  of  the  cells,  and 
not  a  determining  factor  of  their  elongation. 

No  marked  change  in  the  osmotic  concentration  of  the  cells  on 
the  adaxial  side  of  the  bending  tentacle  was  observed  at  any  time. 
The  slight  elongation  or  compression  which  these  cells  experience 
during  bending  is  probably  insufficient  to  make  a  change  of  osmotic 
concentration  perceptible.  The  irregularity  in  the  nature  of  the 
alterations  on  the  concave  side  of  the  tentacle  indicates  that  this 
side  takes  no  active  part  in  the  bending,  but  is  either  stretched  or 
compressed  according  to  the  mechanical  conditions  that  happen 
to  prevail  in  the  base  of  the  pedicel.  Gardiner  C85)  states  that 
the  cells  on  the  concave  side  of  well-inflected  Drosera  dichotoma 
tentacles  lose  their  turgidity  at  the  bending  point.  No  distinct 
evidence  of  loss  of  turgidity  by  the  cells  on  the  concave  side  of 
inflected  Drosera  rotundifolia  tentacles  was  observed,  however. 
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The  external  walls  api>ear  in  optical  cross-section  as  straight  lines 
extending  between  the  end  walls. 

(fr)  Permeability 
It  is  of  course  possible  that  the  elongation  of  the  cells  on  the 
crmvex  side  of  inflected  tentacles  might  be  caused  by  increased 
(H^motic  pressure,  if  the  detection  of  the  increased  osmotic  concen- 
tration were  rendered  impossible  by  a  simultaneous  increase  in 
the  permeability  of  the  cells  to  the  plasmolyzing  solutions.  The 
pt^^^ibility  that  such  is  the  case  here  is  ruled  out  by  two  consider- 
ations. Firstly,  the  determinations  of  osmotic  concentration 
made  with  an  electrolyte,  potassium  nitrate,  were  confirmed  by 
determinations  made  with  a  non-electrolyte,  glucose.  It  is  highly 
impn)t>able  that  there  should  occur  a  differential  change  in  per- 
meability of  such  a  nature  as  to  permit  increased  diffusion  of  both 
fMttaHsium  nitrate  and  glucose,  which  at  the  same  time  would  not 
permit  increased  diffusion  of  the  osmotically  active  material  within 
the  cell.  Seaindly,  the  correspondence  between  the  increased 
volume  of  the  elongating  cells  and  the  decreased  osmotic  concen- 
tration indicated  by  experiments  cannot  be  disregarded,  since  it 
offt-rs  a  direct  and  simple  interpretation  of  the  experimental  data. 

(f )  Cell-wall  elasticity 
Since  there  is  no  evidence  that  the  permeability  is  altered,  and 
MHce  the  osmotic  concentration  decreases  during  Ixrnding,  the 
inrrease<l  turgidity  of  the  elongating  cells  must  be  due  to  a  decrease 
in  the  elasticity  of  their  cell-walls.  It  is  evident  that  irreversible 
changes  take  place  in  the  cell-wall,  for  the  increased  size  of  the  cell- 
wall  is  soon  rendered  permanent,  probably  by  the  deposition  of 
new  (vll-wall  material.  This  is  shown  by  the  fact  that  after  liend- 
ing  is  completed,  the  cells  on  the  convex  side  lose  their  excess 
turgidity.  The  distended  outer  walls  l>ecome  flat,  yet  the  tentacle 
remains  l>ent.  At  this  stage  plasmolysis  no  longer  causes  un- 
bending, (lanliner  ('85)  states  that  in  Drosera  duhotoma  the 
relN  on  the  aincave  side  not  only  lose  their  turgidity  after  In^nding 
i*  fininhed,  Init  l)ecome  flaccid.  These  irreversil)le  changes  in 
the  cell-wall  ap()arently  In'gin  wKm  after  lK*nding  starts,  for  when 
a  bending  tentacle  is  forrilily  straightened,  the  distendeil  outer 
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cell-walls  do  not  always  return  to  their  original  condition,  but  are 
frequently  crumpled  or  wrinkled.  The  rate  of  change  in  the  cell- 
wall  properties  undoubtedly  increases  during  the  inflexion.  In 
the  same  way  the  decrease  in  osmotic  concentration  which  results 
from  the  increase  in  volume  of  the  elongating  cells  is  soon  comi>en- 
sated  for  by  the  formation  of  new  osmotically  active  material,  as 
is  shown  by  the  equality  of  osmotic  concentration  on  opposite 
sides  of  the  tentacle  a  short  time  after  it  has  become  fully  bent. 
This  process  too  is  probably  initiated  soon  after  inflexion  begins, 
with  the  result  that  no  marked  difference  in  osmotic  concentration 
is  noticeable  on  opposite  sides  of  tentacles  which  bend  slowly.  In 
the  last  analysis,  therefore,  the  growth  which  causes  the  inflexion 
of  Drosera  tentacles  is  the  activity  of  the  protoplasm  in  manu- 
facturing cell-wall  substance  and  osmotically  active  material. 

2.  Comparison  with  geotropic  movements 
The  movement  of  Drosera  tentacles  is  seen  to  be  brought  about 
by  the  same  mechanism  found  in  geotropically  reacting  organs, 
where  Kraus  ('82,  p.  87)  and  Noll  ('88,  p.  511)  observed  a  decrease 
in  the  osmotic  concentration  of  the  cells  on  the  convex  side  of 
roots  and  stems,  which  was  particularly  evident  in  case  of  rapid 
bending.  The  subject  is  well  summed  up  by  Jost  (*I3,  p.  580)  in 
the  following  paragraph,  and  his  remarks  apply  to  the  bending  of 
Drosera  tentacles  with  equal  felicity: 

In  all  cases  that  have  been  more  carefully  studied,  the  immediate  cause  of  the 
bending  is  a  difference  of  growth  in  length  on  opposite  sides.  The  surface  growth  of 
the  membranes  here  as  elsewhere  is  preceded  by  stretching  due  to  turgidity.  and  thia 
is  gradually  made  permanent  by  growth.  If  an  organ  be  plasmolyzed  at  the  be- 
ginning of  the  geotropic  bending  it  again  becomes  straight,  but  later  the  curvature 
is  permanent.  The  stretching  is  unequal  in  amount  on  the  two  opposite  sides.  This 
difference  might  consist  in  an  increased  osmotic  pressure  on  the  convex  side  and 
diminished  osmotic  pressure  on  the  concave  side,  but  this  is  by  no  means  the  case; 
the  pressure  on  the  concave  side  seems  rather  to  remain  unchanged,  while  that  on 
the  convex  side  diminishes  during  bending.  This  result  is  not  so  astonishing  when 
we  consider  that  the  rate  of  growth  does  not  depend  directly  on  the  amount  of  osmotic 
pressure,  but  that  this  latter  frequently  depends  on  the  increase  in  cell-volume. 
The  unequal  stretching  of  the  opposite  sides  due  to  turgidity  must  therefore  be 
connected  with  an  alteration  in  the  elasticity  of  the  cell-walls,  the  convex  side  be- 
coming more  extensible.  Of  course  in  unicellular  organs  (in  sporangiophores  of  the 
Mucorineae,  for  example),  the  bending  must  depend  solely  on  a  change  in  the  clas* 
ticity  of  the  cell-wall. 
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3.  Alteration  of  cell-wall  elasticity 
In  the  opinion  of  Noll  (*95,  p.  65)  the  change  in  the  plasticity 
of  the  cell-wall  is  analogous  to  the  gradual  change  that  takes  place 
in  a  strung  bow,  which  after  having  been  left  strung  a  long  time 
d<>es  not  return  completely  to  its  original  shape  when  unstrung. 
This  plastic  change  does  not  involve  any  permanent  diminution 
of  elasticity,  however,  for  the  bow  returns  to  its  new  shape  after 
tiending.  The  source  of  energy  for  this  change  in  plasticity  is 
found  in  the  stored  energy  of  elastic  tension.  The  change  from  a 
rr>ndition  of  elastic  tension  to  a  plastic  alteration  of  shape  is 
compared  by  Noll  ('95.  pp.  79-81)  to  changes  produced  in  rubt)er 
by  x'ulcanization,  during  which  process  any  elastic  deformations 
that  happen  to  be  present  are  transformed  in  a  greater  or  less 
degree  to  permanent  alterations  of  shape.  In  landing  plant 
organs  he  assumes  that  the  pmtoplasm  secretes  one  or  more 
sutMances  which  act  on  the  cell-wall  as  vulcanizing  sulphur  acts 
on  crude  rubl)er. 

The  a>rrelation  In'tween  the  molecular  structure  and  the 
physical  properties  of  metals,  which  has  been  disco\*ered  in  recent 
wars  t>y  metallographists,  offers  a  more  satisfactory*  interpretation 
of  the  changes  in  the  physical  properties  of  the  cell-wall.  The 
alteration  of  the  strength,  ductility  and  elasticity  of  metals  pro- 
ducefl  by  mechanical  treatment  and  by  heat  are  l)ased  on  changes 
in  moU'<ular  structure,  which  amsist  in  the  rearrangement  of  the 
relative  amounts  of  the  phases  that  enter  into  the  composition  of 
the  metal.  Two  phases  are  usually  present,  a  crystalline  phase 
and  an  amorphous  phase  that  cements  the  crystals  together.  The 
stn'ngth  and  ductility  of  a  metal  are  found  to  l)e  increases!  and  the 
eUslidty  diminished  t)y  an  increase  in  the  amount  of  the  amor- 
phous phase  and  a  decrease  in  the  amount  of  the  cry-stalline  phase. 
Conversely  the  elasticity  would  lie  increastnl  and  the  strength  and 
ductility  diminishcni  t)y  an  augmentation  of  the  crystalline  phaMr 
and  a  decrease  in  the  amorphous  phase.  It  is  pn>l>able  that 
changes  in  the  elasticity  of  plant  cell-walls  are  also  pnKluce<l  by 
alterations  in  the  moUnnjlar  structure.  The  i-ell-wall  is  un(lout>t- 
e<lly  a  mixture  of  phasi-s  in  heterogeneous  iH|uilil)rium.  It  seems 
plausible  that  changes  in  elasticity  are  effect t^ I  by  a  riM(iju*»tmenl 
betufen  these  phast*s.     Possibly  an  amorphous  and  a  crystalline 
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phase  are  present,  in  which  case  an  increase  in  the  proportion  of 
the  former  to  the  latter  would  decrease  the  elasticity  and  the  reverse 
change  would  restore  the  original  properties.  Whatever  changes 
in  molecular  structure  actually  occur,  they  must  be  controlled  and 
regulated  by  the  activity  of  the  protoplasm. 

4.  Autotropic  nature  of  unbending 
(a)  Comparison  of  autotropic  with  hydrotropic  stimulus 

When  roots  are  exposed  to  a  hydrotropic  stimulus,  greater 
evaporation  takes  place  from  the  cells  of  the  drier  side  and  this 
tends  to  increase  their  osmotic  concentration.  The  resulting 
inequality  of  osmotic  concentration  or  changes  which  this  induces 
on  opposite  sides  of  the  root  constitute  the  stimulus  that  released 
the  hydrotropic  reaction,  which  consists  in  bending  toward  the 
source  of  moisture  by  faster  growth  on  the  side  with  the  higher 
osmotic  concentration  (Hooker,  '15).  It  is  characteristic  of  hydro- 
tropic reactions  that  small  differences  in  the  relative  moisture  on 
opposite  side  of  the  exposed  root,  and  consequently  small  differ- 
ences in  osmotic  concentration  are  sufficient  to  produce  changes 
that  release  a  reaction.  On  the  other  hand  the  exposure  must  be 
prolonged,  for  the  reaction  does  not  commence  until  the  roots  have 
been  subjected  to  a  hydrotropic  stimulus  for  at  least  six  hours. 
Bending  proceeds  much  more  slowly  than  in  geotropic  reactions. 

The  autotropic  unbending  of  Drosera  tentacles  as  well  as  of 
geotropically  bent  roots  and  shoots  resembles  hydrotropic  reactions 
in  several  respects.  The  unbending  is  produced  by  growth  on  that 
side  of  the  organ  that  tends  to  have  the  higher  osmotic  concen- 
tration during  bending.  The  reaction  does  not  begin  until  some 
time  after  the  bending,  and  it  proceeds  at  a  very  much  slower  rate. 
During  this  process  no  difference  of  osmotic  concentration  was 
ever  observed  in  opposite  sides  of  the  tentacle,  which  indicates  that 
the  formation  of  osmotically  active  material  keeps  pace  with  the 
increase  in  volume  of  the  growing  cells. 

(b)  Internal  changes  that  follow  bending 
In  a  discussion  of  the  autotropic  unbending  of  tendrils,  Fitting 
(*03,  p.  612)  expresses  the  opinion  that  the  unbending  may  be  a 
response  to  a  new  stimulus  produced  by  "the  inequality  of  con- 
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ilitions,  of  pressure-distribution,  tissue- tension,  etc.,  which  are 
c^tablihhed  in  the  cells  on  opposite  sides  of  the  originally  straight 
origan  as  a  result  of  an  attempted  or  executed  reaction." 

The  inequality  of  conditions  that  should  constitute  the  auto- 
tn»pic  stimulus  may  be  found  in  the  changes  produced  by  the  dif- 
frrmce  of  osmotic  concentration  observed  in  bending  roots  and 
tentacles*  since  just  such  a  difference  induces  an  analogous  reaction 
in  h>'dn>tropically  stimulated  roots.  It  has  been  emphasized 
rli-ewhere  (Hooker,  *i6,  p.  21)  that  the  increase  in  the  rate  of 
growth  which  produces  the  unbending  of  Drosera  tentacles  pro- 
cr<xl!»  in  the  same  manner  as  that  which  causes  bending,  in  both 
r«LMrs  commencing  near  the  base  and  extending  apically.  More- 
<i\er,  the  amount  of  growth  that  occurs  during  unbending  is  nearly 
the  hame  in  amount  and  is  distributed  in  much  the  same  manner 
a»  during  bending,  so  that  the  unbent  tentacle  is  straight  and 
reaches  approximately  the  same  position  it  held  before  the  re- 
action. This  nice  regulation  is  intelligible  when  we  consider  that 
the  changes  resulting  from  the  decrease  in  osmotic  concentration 
during  bending  are  directly  proportional  to  the  increase  in  volume 
of  the  growing  cells.  It  is  not  to  be  denied  that  other  factors  may 
OKVperatc  in  producing  the  autotropic  reaction,  but  the  striking 
•imilarity  with  hydrotropic  reactions  indicates  that  the  effects  of 
the  difference  in  osmotic  concentration  during  bending  are  most 
Mgniiicant. 

Ulien  an  insect  is  caught  and  digested,  the  unbending  of  the 
tentacle  is  postponed  a  considerable  time,  occasionally  several 
days.  It  would  appear  that  the  absorption  of  food  material 
thrcHigh  the  gland  inhibits  the  reaction  to  the  inequality  of  con- 
ditions produced  by  the  bending.  All  the  cells  of  the  tentacle 
frooi  base  to  apex  are  generally  aggregated  while  food  is  being 
absorbed.  According  to  Gardiner  ('85)  the  state  of  aggregation 
i»  accompanied  by  a  loss  of  water  and  he  found  that  the  injection 
of  water  into  the  tissue  stopped  aggregation  at  once  and  restored 
the  cells  to  their  normal  condition.  This  probably  aca>unts  for 
the  fact  that  the  osmotic  concentration  in  the  cells  of  bent  tentacles 
t>  higher  than  under  any  other  circumstances.  When  al>sorption 
ceaAes,  aggregation  stops  and  the  tentacles  unl>en(l  in  the  normal 
manner.     This  is  brought  alx>ut  by  increased  turj^idity  of  the  cells 
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on  the  concave  side.  Without  doubt  the  same  factors  found  to 
determine  bending  are  involved  in  the  unbending,  but  the  process 
is  so  slow  that  it  resembles  ordinary  plant  growth.  It  does  not 
seem  probable  that  this  deferred  reaction  can  be  a  direct  response 
to  changes  produced  by  a  difference  of  osmotic  concentration  which 
existed  during  bending,  but  is  now  completely  effaced.  In  these 
cases  unbending  is  probably  a  response  to  changes  taking  place 
as  the  result  of  a  cessation  of  absorption  and  the  end  of  the  aggre- 
gated condition.  Nevertheless  the  effects  of  the  difference  in 
osmotic  concentration  are  conditioning  factors  of  the  unbending 
reaction,  for  an  accelerated  rate  of  growth  on  the  adaxial  side  of 
the  tentacle  occurs  only  after  previous  bending. 

IV.    SUMMARY 

The  osmotic  concentration  in  cells  of  Drosera  rotundifolia  ten- 
tacles was  measured  by  plasmolysis  in  potassium  nitrate  and 
glucose  solutions.  Measurements  were  made  on  straight,  bending, 
bent  and  unbending  tentacles.  The  osmotic  concentration  in  the 
cells  on  the  abaxial  side  of  the  stalk,  in  the  growing  region,  was 
found  to  diminish  during  bending;  no  change  was  observed  on  the 
adaxial  side.  The  decrease  in  osmotic  concentration  is  accounted 
for  by  the  increase  in  volume  of  the  cells,  and  is  therefore  considered 
an  effect  and  not  a  cause  of  their  elongation.  There  is  no  indica- 
tion that  changes  in  permeability  occur. 

The  elongation  is  produced  by  a  decrease  in  the  elasticity  of  tlie 
cell-walls,  and  is  later  fixed  by  growth.  The  movement  of  ten- 
tacles is  therefore  brought  about  by  the  same  mechanism  found  in 
geotropically  reacting  organs,  where  a  decrease  has  been  observed 
in  the  osmotic  concentration  in  the  cells  whose  growth  causes 
bending. 

Similarities  between  hydrotropic  reactions  and  autotropic 
unbending  of  tentacles  and  of  geotropically  bent  roots  indicate 
that  the  growth  on  the  concave  side  which  brings  about  the  un- 
bending is  a  response  to  changes  resulting  from  the  difference  in 
osmotic  concentration  present  during  bending.  As  in  hydrotropic 
reactions,  growth  takes  place  on  the  side  with  the  higher  osmotic 
concentration. 
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Studies  in  the  genus  Lupinus — I.  A  new  species  of  the  subgenus 

Platycarpos 

Cbarlbs  Pipbr  Smith 

I  have  recently  made  a  critical  study  of  the  material  usually 
determined  as  either  Lupinus  microcarpus  Sims  or  L.  densiflorus 
Benth.,  and  have  prepared  an  illustrated  paper,  monographic  in 
«oope,  giving  in  detail  my  conclusions  and  a  new  classification. 
A«  conditions  beyond  my  control  prevent  the  prompt  publication 
of  this  work,  I  deem  it  expedient  to  publish  at  once  a  preliminary 
paper. 

Heller  (Muhl.  8:  87.  1912)  has  already  proposed  a  separation 
of  the  subgenus  Platycarpos  into  two  sections,  applying  the  group- 
name  **  PusiLLi"  to  the  loosely  flowered  small  species  of  the  Mexi- 
can Plateau,  the  Great  Basin,  and  the  Rocky  Mountain  region. 
The  verticillate  and  commonly  larger  plants  of  the  Pacific  Slope 
fthoukl  accordingly  be  assembled  into  a  group  that  would  properly 
Uar  the  name  "Microcarpi." 

The  published  names  of  members  of  this  group  indicate  twelve 
upetieft  and  one  variety.  Of  these  L.  microcarpus  Sims,  L.  densi- 
fiorus  Benth.,  L.  luleolus  Kell.,  and  L.  malacophyllus  Greene  are 
recognized  as  species  by  authors  generally  and  are  accepted  by  me 
L.  korixonialis  Heller  I  am  also  able  to  accept  as  a  species;  Init  the 
<jther  names,  except  for  two  which  are  acknowledged  as  synonyms, 
I  mu5t  use  as  representing  varieties  of  either  L.  microcarpus  or 
L.  dmsi/lorus. 

Most  of  the  North  American  plants  commonly  determined  as 
L.  microcarpus,  however,  I  am  not  able  to  accept  as  Sims*  sj)ecies, 
and  in  order  to  draw  a  more  satisfactory  line  of  distinction  l)etwfen 
the  initial  species  of  Sims  and  Bentham,  and,  at  the  same  time  do 
justice  to  a  group  of  unnamed  variations  that  I  deem  worthy  of 
rwogniticm,  I  propose  the  following  species  as  new: 

Lupinus  subvexus  sp.  nov. 

EranuHAJs  vel  ramosus,  20-40  cm.  altus,  caule  cum  eramoM) 
plerumque  elongato  foliis  s|>arhis,  villoMO  pills  2-4  mm.  ion^'i^^: 

4(r) 
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foHolis  6-10,  20-30  cm.  longis,  oblanceolatis,  apice  obtusis  vel 
rotundatis,  subter  laxe  villosis;  pedunculis  elongatis,  verticillis 
3~7,  distantibi4&;  flonbus  ad  anthesm  postea  pandentibtis  ascen- 
dentibus  vel  suberectis,  14-16  mm.  longis;  pedicellis  prope  i  ram. 
longis,  robustis;  bracteis  villosis,  vix  10  mm.  longis:  calyce  ebracte- 
olato,  prope  10  mm.  longo,  subter  villoso  pilis  prope  1.5  mm.  longis, 
labio  superiore  diverso  prope  2  mm.  longo,  inferiore  inflato  3.5-4 
mm.lato,  2-dentato,  sinu  dentis  vestigio  instructo  vel  sine  eodem, 
dentibus  vix  i  mm.  longis;  corolla  atro-purpurea  praesertim  vexilli 
alarumque  dimidiis  terminatis;  vexillo  apice  rotundato  13-15  mm. 
longo,  8  mm.  lato,  abrupte  contracto  ungue  4-5  mm.  lato;  alis 
1 1-13  mm.  longis,  ad  basin  super  frequenter  non  ciliatis;  carina 
lo-ii  mm.  longa  suberecta  vel  aliquantum  curvata;  leguminibus 
prope  12  mm.  longis:  semina  non  vidi. 

Simple  or  branched,  loosely  villous,  the  hairs  2-4  mm.  long; 
whorls  three  to  seven,  well-separated ;  flowers  spreading  in  an  thesis, 
evidently  ascending  to  suberect  later;  cal)^  ebracteolate,  quite 
villous  below ;  pods  not  secund.  The  typical  plant  has  the  lower  lip 
of  the  calyx  evidently  inflated  (subsaccate)  near  the  base,  large 
flowers  with  much  of  the  banner  and  wings  dark  purple,  and  the 
banner  rounded  apically.  Most  of  the  varieties  have  the  lower 
calyx-lip  scarcely  or  not  at  all  inflated  and  smaller  flowers  with 
the  banner  gradually  narrowed  to  an  acute  apex. 

The  type  is  Heller  &f  Brown  5415,  collected  near  Madison,  Yolo 
county,  California,  April  29,  1902,  sheet  9586  in  the  Dudley 
Herbarium  of  Stanford  University. 

Descriptions  of  the  varieties  recognized,  distribution,  full  cita- 
tions of  specimens  determined,  keys,  and  figures  of  floral  parts  will 
be  given  in  the  main  paper  when  finally  published. 

College  Park,  Maryland 
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The  Chenopodiaceae  of  the  North  American  Flora 

Paul  Carpksier  Standlby^ 

The  North  American  Chenopodiaceae  have  been  treated  pre- 
v-iouftly  in  two  monographic  accounts.  The  first  of  these  was  that 
of  Moquin-Tandon  in  De  Candolle's  Prodromus.f  published  in 
1849.  Moquin  had  access  to  a  very  limited  number  of  specimens, 
for  at  that  time  scarcely  any  collections  had  been  made  in  the 
western  United  States  and  northern  Mexico,  the  parts  of  the 
continent  in  which  the  family  is  most  extensively  represented. 
The  other  monograph  of  the  North  American  species,  by  Watson, 
appeared  in  i874.t  The  latter  author  had  the  advantage  of  fairly 
ample  collections,  and  his  monograph  is  very  useful  even  now, 
although  many  additional  species  have  been  described  in  recent 
years.  Watson  enumerated  83  species;  the  present  writer,  in  the 
treatment  of  the  family  for  the  North  American  Flora,S  has 
rerognixed  223.  The  great  increase  in  numbei*  of  species  in  the 
last  forty  years  is  due  partly,  of  course,  to  a  different  conception  of 
specific  limits,  but  chiefly  to  more  extensive  exploration.  Several 
European  and  South  American  species  have  become  naturalized 
only  in  comparatively  recent  years.  It  is  not  prol)able  that  the 
present  number  will  be  greatly  increased  unless  from  parts  of 
Mexico  still  unexplored. 

*  Pubiiabrd  by  pennia»ion  of  the  Secretary  of  the  Smithctmian  Institution. 

t  Pror.  Antr.  Acad.  9:  8a-ia6.     1874- 
l«:3-93.     t7Nl9l6. 
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This  family  is  not  an  easy  one  for  study,  especially  because  of 
the  great  individual  variation  frequently  found  within  a  species. 
It  is  often  extremely  difficult  to  decide  where  specific  lines  should 
be  drawn,  consequently  it  will  be  many  years  before  all  American 
botanists  agree  upon  a  classification.  Such  a  condition  i$  not 
peculiar  to  the'  Chenopodiaceae,  but  it  does  seem  more  charac- 
acteristic  of  this  family  than  of  some  of  the  closely  related  ones, 
such,  for  instance,  as  the  Amaranthaceae,  in  which  the  species  are 
cleeirly  defined. 

The  present  notes  are  intended  to  explain  some  of  the  more 
important  changes  in  nomenclature  which  the  writer  has  found 
necessary,  as  well  as  to  illustrate  by  citation  of  specimens  the 
material  upon  which  some  of  the  new  species  are  based.  In  the 
case  of  new  species  founded  upon  a  single  collection,  no  comments 
seem  necessary,  the  basis  of  segregation  being  explained  suf- 
ficiently by  the  keys.  In  the  course  of  the  preparation  of  the 
account  of  the  family,  the  writer  examined,  besides  the  material 
in  the  United  States  National  Herbarium,  all  that  in  the  Gray 
Herbarium  and  the  herbaria  of  the  New  York  Botanical  Gauxlen 
and  the  Missouri  Botanical  Garden.  Certain  material  was  lent, 
also,  from  the  herbaria  of  the  Field  Museum  of  Natural  History, 
the  University  of  California,  and  Professor  W.  L.  Jepson. 

CHENOPODIUM   L. 

In  none  of  the  genera  of  the  Chenopodiaceae  are  the  species 
quite  so  perplexing  as  in  Chenopodium,  particularly  in  the  group 
of  C.  album  L.  and  its  allies.  This  applies  not  only  to  the  species  of 
eastern  North  America,  which  are  mostly  adventive  from  Europe, 
but  also  to  the  western  ones,  which  are  endemic.  The  chief  char- 
acter relied  upon  for  specific  segregation  has  generally  been  leaf 
form,  which,  in  any  group  of  flowering  plants,  is  seldom  by  itself 
a  satisfactory  criterion  of  species.  In  the  present  instance  it  is 
doubtless  the  best  character  available,  at  least  in  the  case  of  the 
Eiuropean  species. 

In  Europe  much  attention  has  been  devoted  in  recent  years 
to  a  study  of  Chenopodium,  a  study  based  not  only  upon  large  series 
of  herbarium  specimens,  but  also  upon  cultivated  pedigreed  plants. 
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As  a  result  an  almost  endless  number  of  forms  have  been  described 
and  named.  Many  of  these  minor  forms  occur  in  North  America, 
and  any  one  who  is  interested  in  their  segregation  could  find  here 
an  almost  unlimited  field  for  investigation.  To  the  writer,  how- 
cver,  most  of  the  forms  recognized  abroad  seem  to  be  based  upon 
&uch  slight  and  inconstant  characters  that  they  scarcely  deserve 
•erious  consideration,  especially  in  America,  where  the  flora  as  a 
whole  is  still  so  imperfectly  known. 

In  Europe,  too,  many  presumed  hybrids  have  been  described, 
not  only  hybrids  between  species  but  even  between  hybrids. 
Most  of  these  are  known  only  from  cultivated  plants.  If  hybridi- 
zation is  a  common  phenomenon  in  the  genus  it  may  well  explain, 
partially  at  least,  the  obstacles  to  the  determination  of  specific 
limits.  It  is  unfortunately  true  that  the  North  American  species 
are  still  but  poorly  understood,  and  that  a  wholly  satisfactory 
arrangement  of  them  is  apparently  not  to  be  secured  at  present. 

(^HHNOPODIUM  PALLESCENS  Standley,  N.  Amer.  FI.  21:  15.     1916 

The  plants  referred  to  this  species  have  passed  as  C.  leptophyUum 
Nutt.  and  C.  subglabrum  (S.  Wats.)  A.  Nels.  They  are  most  like 
the  latter  species  in  pubescence  and  habit,  but  are  distinguished 
from  both  by  having  the  pericarp  firmly  attached  to  the  seed. 
The  following  specimens  have  been  seen : 

Missouri:  Allenton,  on  stony  hills,  August  30,  1887,  Eggert; 
near  Pacific,  Eggert;  Webb  City,  £.  /.  Palmer  1041;  Sheffield, 
Bush  SS3'  Oklahoma:  Lincoln  County,  1895,  Blankinship; 
Sapulpa,  Bush  48Q,  Texas:  Dallas  County,  Reverchon  818. 
New  Mexico:  Roswell,  Earle  326  (type). 

Chenopodiuh  inamoenum  Sundley,  N.  Amer.  Fl.  21:  15.     1916 

Although  closely  related  to  C,  leptophyUum,  which  it  resembles 
in  general  appearance,  this  species  has  the  pericarp  adherent  to 
the  seed,  instead  of  free.  It  has  a  wide  range,  as  shown  by  the 
following  list  of  specimens  examined. 

Osegon:  P  Ranch,  Griffiths  £<  Hunter  281.  Montana:  Horr, 
Meams  3318.  Wyoming:  Bitter  Creek,  Sweetwater  County, 
A.  Nelson  3704a.  Ttah:  Henry  Mountains,  Jones  56Qsbi, 
Nevada:  Ely,  A.  E,  Hitchcock  J 237,    Arizona:  Nagle's  Ranch, 
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Jones  6o5of.  New  Mexico:  Mangas  Springs,  1903,  Metcalfe; 
Farmington,  Standley  7101.  CnrauAHUA:  near  White  Water, 
Meams  2286  (type). 

Chenopodium  hians  Standley,  N.  Amer.  Fl.  21:  16.    1916 

Of  the  group  of  C.  leptophyllum^  but  distinguished  from  all  the 
related  species  by  its  ill-scented  foliage.  This  character,  which 
has  been  ignored  heretofore,  seems  to  be  a  very  good  one.  The 
European  C.  Vulvaria  L.  has  always  been  noted  for  its  diagreeable 
odor,  and  several  American  species  possess  the  same  character. 
Their  odor  is  quite  different  from  that  of  C.  ambrosioides  L.  and 
its  allies.  The  type  of  C.  hians  was  collected  near  Dulce,  New 
Mexico  (Standley  8i2g)  and  the  species  has  been  obtained  by  the 
writer  at  Ensenada  (No.  10764)  and  Ute  Park  in  the  same  state. 
A  specimen  from  Bear  Creek,  near  Eagle  Peak,  Wyoming,  col- 
lected by  Schuchert,  is  also  referable  here.  The  species  is  dis- 
tinguished, also,  by  the  erect  calyx,  which  does  not  embrace  the 
fruit  closely  as  in  related  species. 

Chenopodium  cycloides  A.  Nels.  Bot.  Gaz.  34:  363.    1902 

The  original  collection,  from  Grant  County,  Kansas,  is  too 
immature  to  show  the  true  characters  of  this  species  and  might  at 
first  glance  be  referred  to  C.  leptophyUum  Nutt.  The  only  other 
locality  known  for  the  plant  is  on  sandhills  in  Dona  Ana  County, 
New  Mexico,  where  it  is  abundant,  according  to  Mr.  E.  O.  Wooton, 
who  has  obtained  excellent  and  ample  specimens  at  two  different 
times.  The  species  is  distinguished  from  all  those  of  the  C.  lepto- 
phyUum group  by  its  calyx,  almost  rotate  at  maturity  and  with 
ecarinate  lobes,  and  by  its  bright  red  pericarp.  Indeed,  the 
general  appearance  of  the  mature  plant  does  not  at  first  remind  one 
of  the  genus  Chenopodium. 

Chenopodium  nevadense  Standley,  N.  Amer.  Fl.  21:  16.     1916 

A  relative  of  C,  atrovirens  Rydb.,  but  distinguished  by  having 
the  seed  adherent  to  the  pericarp,  and  by  the  small  leaves  and 
seeds.  The  type  is  from  Winnemucca  Lake,  Nevaida  {Kennedy 
1903).  Shockley's  No.  542  from  Candelaria  also  belongs  here, 
besides  one  or  two  other  Nevada  collections  examined. 
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Chbnopodiuh  PRiNGLEi.Standley,  N.  Amer.  Fl.  2x:  i8. 

1916 

Allied  to  C.  Fremonti  S.  Wats.,  to  which  the  specimens  have 
been  referred,  but  distinguished  by  the  form  of  the  leaf  blades, 
which  are  coarsely  sinuate-dentate  and  only  slightly  lobed.  In 
C.  Fremonti  the  well-developed  lobes  are  usually  entire,  at  least 
the  large  terminal  one.  The  type  of  C.  Pringlei  was  collected  near 
DublAn,  Hidalgo,  Mexico  (Pringle  9283).  Pringle's  No.  6570 
from  Tule,  Hidalgo,  is  the  same  species. 

Chenopodium  neoiiexicanum  Standley,  N.  Amer.  Fl.  21:  19. 

1916 

Related  to  C.  Fremonti  S.  Wats.,  but  differing  in  the  adherent 
pericarp.  The  type  was  collected  along  Mineral  Creek,  Sierra 
County,  New  Mexico,  by  O.  B.  Metcalfe  (No.  1413),  and  the 
species  has  been  collected  in  the  Chiricahua  Mountains  of  Arizona 
by  J.  C.  Bhimer  (No.  1409). 

Chengpodium  arizonicum  Standley,  N.  Amer.  Fl.  2X:  19. 

1916 

A  segregate  from  C.  Fremonti,  distinguished  primarily  by  having 
the  pericarp  adherent  to  the  seed.  It  is  distinct  from  C.  neo- 
muxicanum  in  the  size  of  the  seed,  scarcely  more  than  half  as  large 
as  in  the  latter.    The  following  specimens  have  been  seen: 

Arizona:  Santa  Rita  Forest  Reserve,  Griffiths  5982  (type); 
Santa  Rita  Mountains,  Griffiths  6011;  near  Tucson,  191 1,  Wooton; 
Rincon  Mountains,  Blumer  358$* 

Chesopodicm  amaranticolor  Coste  &  Reynier,  Bull.  Soc.  BoL 
France  54:  181.     1907 

A  species  not  reported  previously  from  North  America.  It 
is  a  relative  of  C.  album  L.,  from  which  it  is  distinguished  by  its 
broad  leaf  blades  and  the  red  coloration  of  the  upper  leaves  and 
inflorescence.  Specimens  from  Thomasville,  Georgia  (£.  B, 
Taylor,  1909)  and  Santiago  de  las  Vegas,  Cuba  {Abarca  2794), 
arc  referred  here.  The  native  habitat  of  the  plant  is  not  known, 
but  it  has  been  found  as  a  weed  in  PVance.  It  is  sometimes  culti- 
vated as  a  foliage  plant. 
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Chenopodium  virtoe  L.  Sp.  PL  219.  1753 
Chenopodium  opuHfolium  Schrad.;  Koch  &  Ziz,  Cat.  PI.  Palat.  6. 
1814. 
This  is  a  well-known  Old  World  species  which  generally  has  been 
known  as  C.  opidifoUum.  C.  viride  L.,  however,  was  based  upon 
a  plate  which  evidently  represents  the  same  plant.  The  Linnaean 
name  has  been  applied  usually  to  the  plant  which  is  properly 
known  as  C.  paganum  Reichenb.  So  far  as  the  writer  knows, 
C.  viride,  in  the  sense  in  which  the  name  is  used  here,  has  never 
been  reported  from  North  America,  but  the  rather  numerous 
collections  cited  below  should  all  be  referred  to  it.  It  differs 
from  C  albums  with  which  American  specimens  have  been  con- 
fused, in  having  the  blades  of  the  lower  leaves  as  broad  as  long 
and,  when  dry  at  least,  of  a  peculiar  bluish-green  color. 

Ontario:  Ottawa,  Macoun  5^72;  Sandwich,  Macoun  54723. 
Rhode  Island:  Providence,  July  31,  1892,  /.  F.  Collins.  Mary- 
land: Cumberland,  September  12,  1898,  Steele.  Illinois:  East 
St.  Louis,  September,  1894,  Eggert;  Rockford,  1880,  Bebb;  Mt. 
Carmel,  July  12,  1894,  Schneck.  Missouri:  Joplin,  Bush  2041. 
Texas:  Big  Springs,  June  11,  1900,  Eggert. 

Chenopodium  dacoticum  Standley,  N.  Amer.  Fl.  21:  22.     1916 
This  species  is  related  to  C.  album  and  C.  ferulatum  Lunell,  but 

appears  sufficiently  distinct  in  the  very  coarse,  loose  pubescence, 

ill-scented  foliage,  and  coarsely  punctate  seeds.    The  following 

specimens  are  in  the  National  Herbarium: 

South  Dakota:  Cedar  Pass,  Over  6175  (type);  Fkll  River 

Falls,  Rydberg  964;  Talus  slopes,  badlands,  Washington  County, 

August  4,  1914,  Over;  summit  of  Sheep  Mountain,  Pennington 

County,  August  20, 1914,  Over;  badlands  near  White  River,  August 

I,  1914,  Over;  White  River,  Over  621 1. 

The  same  plant  apparently,  doubtless  adventive,  has  been 

collected  in  waste  ground  at  Courtney  and  Sheffield,  Missouri, 

by  B.  F.  Bush  (Nos.  7058A,  7066). 

Chenopodium  petiolare  H.  B.  K.  Nov.  Gen.  &  Sp.  2: 191.     1817 

North  American  botanists  have  overlooked  this  species,  but  in 

Europe  it  has  been  generally  recognized  in  recent  years,  and  North 
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American  material  has  been  referred  to  it  by  European  writers. 
It  has  been  confused  with  C  album,  to  which  it  is  very  closely 
related,  differing  chiefly  in  the  deeply  lobed  blades  of  the  ypper 
leaves,  and  the  dull  rather  than  lustrous  seeds.  It  is  widely  dis- 
tributed in  the  Southwest.  Some  of  the  numerous  collections  at 
haml  are  cited  below. 

Colorado:  Durango, Baker, Earle,  6f  Tracy  487,  New  Mexi- 
co: between  Santa  Fe  and  Canyondto,  HeUer  3787;  Chama, 
Standley  6sJ5;  Ensenada,  StandUy  6f  BoUman  11097;  Mangas 
Springs.  Metcalfe  216;  Mesilla,  Wooton  8$.  Arizona:  Willow 
Spring,  Palmer  586;  Flagstaff*  July  3, 1 891 ,  MacDougal.  Nevada  : 
Truckee  Valley,  Bailey  q6q,  California:  Cameron's  Ranch, 
Sckoenjeldl  3682;  Panamint  Mountains,  Coville  &  FunsUm  813. 

Chenopodium  aristatum  L.  Sp.  pi.  221.    1753 

This  is  known  definitely  to  occur  in  Siberia,  but  whether  it  is 
found  in  North  America  is  still  doubtful.  It  has  been  reported 
from  Alaska  and  Mexico,  and  it  is  reasonable  to  expect  it  in 
Alaska,  although  none  of  the  numerous  collectors  who  have  visited 
that  region  in  recent  years  have  found  it.  The  occurrence  of  the 
specie*  in  Mexico  seems  very  doubtful.  The  plant  is  so  distinct 
that  it  scarcely  seems  probable  that  any  other  species  would  be 
mistaken  for  it.  There  is  always  the  possibility  of  a  misplaced 
label  as  an  explanation  of  an  otherwise  inexplicable  extension  of 
range. 

Chenopodium  incisum  Poir.;  Lamarck,  Encyc.  Suppl.   x:  392. 

1810 

?Ckencpodium  graveolens  Lag.  &  Rodr.  Anal.  Ci.  Nat.  5:  70.     1802. 
Telcxys  comuia  Torr.  Pacif.  R.  R.  Rep.  4:  129.     1857. 
Chenopodium  comuium  Benth.  &  Hook. ;  S.  Wats.  Bot.  Calif.  2 : 

482.     1880. 

Chenopodium  incisum  has  a  wide  range,  extending  from  south- 
em  (^olorado,  through  Mexico  and  Central  America,  to  South 
America,  besides  occurring  in  Africa.  Probably  it  should  be 
known  as  C.  graveolens  Lag.  &  Rodr.,  but  the  data  afforded  by  the 
original  publication  of  that  species  are  insufficient  for  certainty. 
The  plant  of  the  United  States  has  l>een  known  generally  as  C 
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comutum,  but  it  differs  in  no  way  from  the  mass  of  Mexican  ma- 
terial. Tropical  forms  have  been  referred  commonly  to  C. 
foetidum  Schrad.,  a  different  plant  of  which  the  writer  has  seen 
no  North  American  specimens. 

CdENOPODiUM  DissECTUM  (Moq.)  Standley,  N.  Amer.  Fl.  21 :  26. 

1916 
Ambrina  dissecta  Moq.  Chenop.  Enimi.  38.     1840. 

Apparently  thb  is  a  very  rare  plant.  Before  seeing  material 
of  it  the  writer  presumed,  from  Moquin's  description,  that  it  was 
only  a  form  of  C  incisum.  It  is,  however,  quite  distinct,  being 
more  closely  related  to  C.  Botrys  L.,  as  was  apparent  when  the  two 
following  collections  were  discovered,  both  of  which  agree  perfectly 
with  the  original  description. 

Mexico:  Saltillo,  1898,  Palmer  353;  Valley  of  Mexico,  Schaff- 
net  437. 

Chenopodium  vagans  Standley,  N.  Amer.  Fl.  21:  26.  1916 
Chenopodium  chilense  Schrad.  Ind.  Sem.  Hort.  Gotting.     1832: 

2.     1832;  Linnaea  8  (Litt.-Ber.) :  25.     1833.    Not  C.  chilense 

Pers.     1805. 

Although  most  of  the  segregates  from  C.  ambrosioides  are  too 
poorly  marked  to  deserve  specific  rank,  the  one  to  which  the  above 
names  have  been  applied  seems  to  be  an  exception.  It  has  ap- 
parently been  overlooked  by  American  botanists,  the  collections 
at  hand  having  been  identified  mostly  as  C.  anthelminticum  L. 
C.  vagans  differs  from  all  the  forms  of  C.  ambrosioides  in  its  white- 
villous  stems  and  in  the  conspicuously  dentate  or  sinuate-pinnatifid 
leaves  of  the  inflorescence.  In  fruit  the  plants  have  a  character- 
istic appearance  because  of  the  very  numerous,  much  elongate, 
slender  spikes.  The  species  is  a  native  of  Chile,  and  probably 
is  adventive  in  California.  The  following  specimens  have  been 
examined  : 

California:  Clinton,  Hansen  2020;  lone,  Braunion  1185; 
Tehama,  Ward  loi;  Ukiah,  Chestnut  34g;  North  Fork,  Griffiths 
4648;  Mendocino,  H,  E.  Brown  g4Q;  Crystal  Springs,  Elmer  4134; 
without  locality,  1860-67,  Rattan. 

A  specimen  **Ex  Herb.  E.  &  C.  Faxon"  collected  at  Boston, 
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MjMiacfausetts,  in  1878,  is  probably  C.  vagans,  but  the  plant  is  too 
young  for  definite  determination. 

Chenopodiuh  ahbrosioioes  L.  Sp.  PI.  219.    1753 

This  spedes,  a  native,  presumably,  of  tropical  America,  is  now 
widely  diffused  through  the  tropics  of  both  hemispheres,  and  is 
naturalized  in  many  regions  far  outside  the  tropics,  especially  in 
North  America.  As  a  consequence  of  its  extensive  range  it 
exhibits  much  variation,  but  none  of  the  forms  seem  worthy  of 
specific  recognition  and  few  of  them  of  rank  as  subspecies.  C 
anihelmifUUum  L.,  which  has  been  recognized  in  most  North 
American  manuals  as  a  species  or  subspecies,  does  not  seem  to  be 
worthy  nomendatural  recognition.  It  is  apparently  nothing 
more  than  a  poorly  marked  seasonal  variation. 

Chenopodium  farinosum  (S.  Wats.)  Standley,  N.  Amer.  Fl.  2x: 

28.     1916 
Ckenopodium  murale  farinosum  S.  Wats.  Proc.  Amer.  Acad.  9:  97. 

1874. 

Although  described  as  a  variety  of  C.  murale  L.,  this  plant  is 
Iax  removed  from  that  species  and  finds  its  nearest  ally  in  C. 
tlamum  L.,  differing  from  the  latter  in  its  large  size  and  large 
gbbrate  leaves.  In  North  America  it  seems  to  be  confined  to 
California,  but,  like  some  other  Califomian  plants,  it  occurs  also 
in  western  South  America  and  in  Paraguay.  The  following  col- 
lections are  representative: 

Calipobnu:  without  locality,  1853-56,  C,  Wright;  SanU 
Cruz  Motmtains,  A.  E.  Hitchcock  j8j;  Nigger  Slough,  Los  Angeles 
County,  Braunion  SSS;  San  Francisco.  Bolander  248Q  (type). 

Chenopodium  salinum  Standley,  N.  Amer.  Fl.  ai:  29.     1916 

The  above  name  is  proposed  for  the  native  North  American  plant 
which  has  bden  referred  to  the  Old  World  C.  glaucum.  The  latter 
is  rather  sparsely  adventive  from  New  Brunswick  to  Virginia  and 
as  far  west  as  Nebraska.  C  salinum  ranges  from  Manit(it>a  and 
Alberta  to  New  Mexico  and  Arizona,  and  has  Ix^en  collected  in 
Missouri,  where,  doubtless,  it  is  adventive.  The  North  American 
plant  has  stout,  dense,  short,  mostly  axillary  h()ikt^  of  f1<m'ers, 
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with  sparsely  villous  rachises,  and  finely  tuberculate  seeds;  the 
European  plant  has  slender,  elongate,  interrupted,  axillary  and 
terminal  spikes  with  glabrous  rachises,  and  smooth  seeds.  While 
the  differences  may  not  seem  very  great,  they  are  easily  recognized 
when  the  two  forms  are  compared.  There  seem  to  be  no  inter- 
mediate plants. 

BLITUM   L. 

Blitum  virgatum  L.  Sp.  PL  4.  1753 
An  Old  World  species,  closely  related  to  B.  capitatum  L.,  but 
distinguished  by  the  leafy  rather  than  naked  inflorescence,  obtuse 
margin  of  the  seeds,  and  copiously  branched  stems.  It  has 
escaped  recognition  by  American  botanists,  but  specimens  in 
various  herbaria  were  collected  long  ago  in  Massachusetts  and 
New  York,  probably  mere  waifs.  It  seems  to  have  become 
naturalized  \x\  the  Northwest,  having  been  found  in  Washington 
(Pullman,  1900,  Piper),  Oregon  (Wallowa  Mountains,  1897, 
Sheldon  8846),  and  Idaho  (Ketchum,  191 1,  Nelson  &  Macbride). 

ATRIPLEX  L. 
Atriplex  hastata  L.  Sp.  PL  1053.     1753 
Chenopodium  subspicatum  Nutt.  Gen.  i:  199.     1818. 
Atriplex  lapathifolia  Rydb.  Mem.  N.  Y.  Bot,  Card,  i :  133.     1900. 
Atriplex  carnosa  A.  Nels.  Bot.  Gaz.  34:  361.     1902. 

Recent  writers  upon  the  botany  of  the  western  United  States 
have  insisted  that  the  plants  of  the  Rocky  Mountain  and  adjacent 
regions  previously  referred  to  A,  hastata  were  distinct  from  the 
beach  or  salt  marsh  plant  of  the  Atlantic  and  Pacific  coasts. 
Their  conclusions  must  have  resulted  from  the  paucity  of  eastern 
material  for  comparison.  In  the  large  series  of  northeastern 
specimens  in  the  herbarium  of  the  New  England  Botanical  Club 
all  the  Rocky  Mountain  forms  can  be  matched  .without difficulty; 
and  it  is  easy  to  find  European  specimens,  also,  which  agree  in 
essential  characters.  In  Europe  names  have  been  given  to  all  the 
easily  recognizable  variations,  and  it  would  be  possible  to  find 
American  plants  referable  to  many  of  the  European  forms.  These, 
however,  are  based  upon  too  inconsequential  characters  to  deserve 
attentioh. 
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Probably  it  will  never  be  possible  for  all  botanbts  to  agree 
upon  a  treatment  of  the  species  of  A  triplex  of  the  i4.  hastata 
alliance,  and  in  the  past  both  European  and  American  authors 
have  held  widely  divergent  views  as  to  specific  limits  within  the 
ffroup.  The  present  writer  has  recognized  eight  species  in  North 
America,  namely:  A,  drymarioides  Standley,  known  from  a  single 
Alaskan  collection;  A.  rvsteraefolia  (Hook.)  S.  Wats.,  of  Wash- 
tngton ;  A  •  alaskensis  S.  Wats. ;  A .  GmeUni  C.  A.  Mey.,  ranging  from 
northern  California  to  Alaska;  A.joaquiniana  A.  Nels.,  occurring 
from  British  Columbia  to  central  California;  A.  liUoralis  L., 
A .  pattda  L.,  and  A .  hastata  L.  All  of  these,  except  the  first  three, 
arc  closely  related  and  are  distinguished  by  comparatively  slight 
variations.  A.  Cfnelini  and  A.  joaquiniana  are  probably  suffi- 
ciently distinct.  Of  the  last  three,  A.  littoralis  is  doubtless  the 
•'strongest"  species  and  when  properly  limited  is  easily  recognized 
b>-  its  linear  leaf  blades  and  erect  habit.  The  only  American 
Bpccimcns  seen  that  are  referable  to  it  are  from  the  coast  of 
Maine,  except  a  few  found  as  waifs  in  the  vicinity  of  Philadelphia. 
Both  A .  pahtta  and  A .  hastata  seem  to  the  writer  to  deserve  specific 
rank.  While  no  sharp  line  can  be  found  to  separate  the  multi- 
tiidinous  forms  which  are  referable  to  them,  the  typical  form  of 
each  represents  a  well-marked  center  of  variation,  which  seems  to 
merit  more  than  subordinate  rank. 

Atriplrx  rosea  L.  Sp.  PI.  ed.  2.  1493.     1763 

AtripUx  spaHosa  A,  Nels.  Bot.  Gaz.  34:  360.     1902. 

Although  this  Old  World  species  has  been  found  along  the 
Atlantic  Coast  from  New  York  to  Florida,  it  is  probably  nowhere 
in  this  area  more  than  a  waif.  In  the  west,  however,  its  status 
»  very  different,  for  although  it  seems  to  have  been  introduced 
only  recently,  it  has  spread  with  amazing  rapidity,  its  present 
known  range  extending  from  Washington  to  South  Dakota, 
•authem  California,  and  northern  Chihuahua.  In  many  parts  of 
its  western  range  it  is  extremely  abundant,  so  much  so  that  in 
plactn  it  has  been  cut  for  hay.  In  parts  of  New  Mexico  it  has 
e\'rry  appearance  of  being  a  native  plant,  cKcurring  in  abundance 
many  miles  from  a  railroad.  Its  case  is  somewhat  comrxirablc  to 
that  of  the  Russian  thistle,  a  European  plant  which  for  some  un- 
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known  reason  has  found  conditions  in  America  particularly  favor- 
able for  its  spread.  In  the  present  instance,  however,  there  seems 
to  be  no  great  harm  involved,  and  the  plant  may  even  be  bene- 
ficial if  it  is  useful  as  forage.  Probably  within  a  few  years  it  will 
have  spread  throughout  the  Great  Plains  region  and  the  territory 
westward  to  the  Pacific  Coast. 

The  oldest  western  specimens  in  the  National  Herbarium  were 
collected  in  Wyoming  in  1897.  The  first  Oregon  specimens  were 
obtained  in  1901,  and  all  those  from  other  western  states  still 
later. 

Atriplex  saccaria  S.  Wats.  Proc.  Amer.  Acad.  9:  112.     1874 

Atriplex  cornuta  Jones,  Proc.  Calif.  Acad.  II.  $:  718.     1895. 

Among  North  American  species  this  is  remarkable  in  having 
strongly  dimorphous  fruiting  bracts.  In  certain  other  species 
also  the  bracts  vary  greatly  upon  a  given  plant,  but  in  none,  except 
the  abnormal  A,  hortensish,  and  its  allies,  do  these  parts  exhibit 
such  striking  variation  as  in  ^ .  saccaria.  The  name  saccaria  has 
been  ignored  by  recent  writers  upon  western  plants.  It  was 
based  upon  specimens  showing  only  the  small  fruiting  bracts  (the 
large  ones  had  fallen  off,  doubtless);  hence  it  is  not  remarkable 
that  the  species  has  been  wrongly  identified  from  the  description, 
and  that  Mr.  Jones  once  regarded  it  as  a  variety  of  A.  truncata 
(Torr.)  A.  Gray. 

Atriplex  sordida  Standley,  N.  Amer.  Fl.  21 :  47.     1916 

Of  the  A,  argentea  group,  differing  from  that  species  in  the 
sessile,  wholly  alternate  leaves,  and  from  A,  expansa  S.  Wats,  in 
the  terete  branches,  coarse  and  loose  pubescence,  and  smaller  seed. 
The  type  was  collected  in  the  San  Jacinto  Valley,  California,  in 
1880,  by  G.  R.  Vasey  (No.  549).  A  collection  from  Santa  Monica, 
California  (Parish  1124),  also  belongs  here. 

Atriplex  mohavensis  (Jones)  Standley,  N.  Amer.  Fl.  21:  47. 

1916 

Atriplex  expansa  mohavensis  Jones,  Contr.  West.  Bot.  11 :  20.    1903. 

This  name  applies  to  the  common  plant  of  central  and  southern 

California  which  has  passed  as  A.  expansa  S.  Wats.    The  latter, 
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however,  is  restricted  to  the  Rio  Grande  Valley  of  southern  New 
Nfexico,  western  Texas,  and  northeastern  Chihuahua.  The  bracts 
of  the  Califomian  plant  are  sufficiently  distinct  to  entitle  it  to 
specific  rank,  and  the  ranges  of  the  two  species  are  widely  sefiarated. 

Atriplex  Hillmani  Qones)  Standley,  N.  Amer.  Fl.  21 :  48. 

1916 

AiripUx  argeniea  Hillmani  Jones,  Contr.  West.  Bot.  xz :  21.     1903. 

This  plant  seems  to  have  a  limited  distribution,  being  confined 
to  Nevada  and  southeastern  Oregon,  so  far  as  specimens  show.  It 
differs  conspicuously  from  A.  argentea  in  the  form  of  the  bracts 
and  leaf  blades.     Representative  collections  are  the  following: 

Oregon  ;  Malheur,  &c.,  Cusick  1263,  Nevada :  Leonard  Creek 
Ranch,  Griffiths  6f  Morris  346;  Battle  Mountain,  Kennedy  4001, 
A .  E.  HiUhcock  586;  Lemmon  Valley,  Kennedy  2081. 

Atriplex  minuscula  Sundley,  N.  Amer.  Fl.  21:  51.     1916 

Most  closely  related  to  A,  fmsilla  (Torr.)  S.  Wats.,  a  species 
of  eastern  Oregon  and  northwestern  Nevada,  from  which  it  is  dis- 
tinguished by  its  larger  bracts,  these  subhastate  and  denticulate 
or  crenulate,  not  ovate  and  entire.  The  following  collections  have 
been  observed: 

Califorxia:  between  Tulare  and  Tulare  Lake,  1892,  Palmer 
S728  (type);  La  ton,  Kearney  33,  34;  near  Poso,  Caville  6f  Funston 
/^./p;  without  locality,  1872,  Torrey. 

Atriplex  pentandra  (Jacq.)  Standley,  N.  Amer.  Fl.  21 :  54.     1916 

Axyris  pentandra  Jacq.  Sel.  Stirp.  Amer.  244.     1763. 

Atriplex  cristata  Humb.  &  Bonpl.;  Willd.  Sp.  PI.  4:  959-     1806. 

In  view  of  the  fact  that  this  plant  was  first  described  as  a 
species  of  the  Old  World  genus  Axyris,  it  is  perhaps  not  remarkable 
that  its  earliest  name  has  been  so  long  overlooked.  More  prob- 
ably it  has  been  neglected  because  its  identity  can  be  confirmed 
only  by  a  consultation  of  Jacquin's  illustration,  which  occurs  in 
one  of  the  rarest  of  botanical  works.*  This  shows  that  the  name 
Axyris  pentandra  applies  to  the  common  plant  of  southern  Florida 
and  the  West  Indies,  heretofore  known  as  Atriplex  cristata, 

•  Set  SUrp.  Aner.  Pict.  pi.  335      n^^S- 
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Atriplex  glomerata  S*  Wats.;  Standley,  N.  Amer.  Fl;  21:  54. 

1916 

Founded  upon  Palmer's  No.  11 56,  collected  at  ParrAs,  Coahuila, 
in  1880.  The  type  specimen,  in  the  United  States  National 
Herbarium,  bears  the  previously  unpublished  name  cited  above. 
The  plant  is  related  to  the  Mexican  A,  muricata  Humb.  &  Bonpl., 
but  differs  in  having  unappendaged  bracts.  Two  additional  col- 
lections belong  here: 

Mexico:  Coahuila,  Rose  3075;  Buena  Vista,  Gregg  349. 

Atriplex  Davidsonii  Standley,  N.  Amer.  Fl.  ai:  57.     1916 

This  name  is  proposed  for  a  plant  closely  related  to  A.  pacifica 
A.  Nels.  {A,  microcarpa  [Benth.]  D.  Dietr.)  and  A.  Cotdteri  (Moq.) 
D.  Dietr.,  but  distinguished  from  both  by  its  dentate  leaf  blades. 
In  the  form  of  its  staminate  inflorescence  it  is  intermediate  between 
those  two  species.    The  following  collections  have  been  examined : 

California:  Balboa,  Davidson  2951  (type);  Long  Beach, 
W.  F.  Parish)  Los  Angeles,  Braunion  680;  in  1884,  Nevin;  Colton, 
Parry  287. 

Atriplex  sonorae  Standley,  N.  Amer.  Fl.  21 :  62.     1916 

An  ally  of  the  Mexican  A.  Barclayana  (Benth.)  D.  Dietr.,  but 
separated  by  the  very  different  fruiting  bracts,  these  being  united 
only  to  the  middle,  their  margins  green  and  deeply  laciniate,  and 
their  sides  sharply  muricate.  The  following  collections  belong 
here: 

Sonora:  Empalme,  Rose,  Standley,  &  Russell  1263 1  (type); 
Guaymas,  Palmer  671,672,  673,  674,  677,  6go.  Sinaloa:  Altata, 
November,  1899,  Brandegee. 

Atriplex  polycarpa  (Torr.)  S.  Wats.  Proc.Amer.  Acad,  9:  117. 

1874 
Atriplex  curvidens  Brandeg.  Proc.  Calif.  Acad.  IL  2:  201.  1889. 
The  type  of  A.  curvidens,  in  the  herbarium  of  the  University 
of  California,  has  been  examined  by  the  writer  through  the 
kindness  of  Professor  H.  M.  Hall.  It  exhibits  certain  differences 
from  typical  A,  polycarpa,  but  none  that  are  constant.  The 
stems  and  bracts  are  attacked  by  a  fungus,  probably  a  rust,  and 
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it  15  suspected  that  the  spedmen  is  an  abnormal  one,  deformed  by 
the  parasite. 

Atriplex  obovata  Moq.  Chenop.  Enum.  6i.     1840 

AtripUx  Gref^i  S.  Wats.  Proc.  Amer.  Acad.  9:  118.     1874. 

When  Watson  prepared  his  account  of  the  North  American 
('henopodiaceae  he  seems  to  have  overlooked  Moquin's  name. 
The  type  collection  of  A.  obovata,  obtained  by  Berlandier,  was 
cited  by  Watson  under  his  new  species  A,  Greggii,  Atriplex 
Jontsii  Standley  {A.  sabulosa  Jones,  1903,  not  Rouy,  1890)  is 
%'ery  close  to  A.  obovata  and  should,  perhaps,  be  regarded  as  only 
a  form  of  it.    The  two  seem,  however,  to  have  separate  ranges. 

Ateiplex  Gardneri  (Moq.)  Standley,  N.  Amer.  Fl.  ai :  66.     1916 

(Mnone  Gardneri  Moq.;  De  Candolle,  Prodr.  13*:  114.  1849. 
AtripUx  Gordoni  Hook.  Jour.  Bot.  &  Kew  Misc.  5:  261.  1853. 
Atripltx  eremicola  Osterhout,  Bull.  Torrey  Club  25:  284.  1898- 
The  name  Ohione  Gardneri  has  been  neglected  by  all  American 
lK>tanists,  possibly  because  of  an  impression  that  the  plant  was 
of  South  American  origin.  The  type  locality  is  given  by  Moquin 
as  **  Ad  La  Platte,"  and  the  collector  as  Gardner.  Hooker,  how- 
e\cr  {loc.  cit.),  pointed  out  that  the  specimen  was  really  obtained 
b>*  <3ordon  along  the  Platte  River  in  North  America.  A  fragment 
iA  the  original  collection  {Gordon  25/)  in  the  Gray  Herbarium  shows 
that  it  is  the  same  as  the  plant  desrrit>ed  by  Osterhout  as  Atriplex 
eremicola.  Since  Moquin  never  changed  the  specific  name  first 
af>f>lied,  the  present  writer  prefers  to  maintain  it  in  its  original 
form. 

Atriplex  canescens  (Pursh)  Nutt.  Gen.  i:  197.     181 8 

The  authority  usually  given  for  the  alx)ve  combination  is 
James,  but  this  is  incorrect.  Nutta!!  first  made  the  combination 
Atriplex  canescens  (based  on  Calli^onum  canescens  Pursh  J.  and 
although  he  described  a  different  plant  at  the  time  he  made  the 
tninsfer  of  name,  he  must  lx»  cre<lited  with  the  authorbhip  of  the 
Mnomial. 

The  species  has  an  unusually  wide  range  and  shows  very  ap- 
preciable variation   in   almost  every  character.     The  extensive 
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series  of  specimens  in  the  National  Herbarium  indicates,  however, 
that  it  is  impossible  to  recognize  any  of  the  several  segregates 
that  have  been  proposed.  Locally  some  of  the  forms  appear 
distinct  enough,  but  when  the  whole  series  of  specimens  is  ex- 
amined all  shades  of  intergradient  forms  are  found. 

ENDOLEPIS 

Endolepis  Covillei  Standley,  N.  Amer.  Fl.  ai:  73.     1916 
A  triplex  phyllostegia  S.  Wats.  Proc.  Amer.  Acad.  9:  108.  1874  (in 

part).     Not  Obione  phyllostegia  Torr.     1871. 
Endolepis  phyllostegia  Rydb.  Bull.  Torrey  Club  39:  312.     1912 

(in  part). 

lit  is  remarkable  that  a  plant  so  distinct  and  apparently  far 
from  rare  has  been  left  so  long  unnamed,  but  the  explanation  is 
found  in  the  fact  that  Watson  confused  it  with  a  quite  different 
plant,  a  true  A  triplex.  The  original  collection  of  Obione  phyllo- 
stegia consists  of  immature  and  poorly  prepared  specimens, 
which,  it  now  appears,  are  those  of  a  presumably  rare  species 
renamed  by  Jones  as  A  triplex  Draconis.*  Because  of  the  unsatis- 
factory material  at  his  disposal,  it  is  not  surprising  that  Watson 
should  have  considered  the  Californian  plants  the  same  as  Obione 
phyllostegia,  and  that  consequently  he  should  have  drawn  his  de- 
scription of  A  triplex  phyllostegia  from  them,  chiefly.  Probably 
as  a  result  of  this  description  Jones  was  led  to  describe  his  new 
species,  A  triplex  Draconis,  and  Rydberg,  later  on,  to  transfer 
A  triplex  phyllostegia  to  the  genus  ^Endolepis. 

SALICORNIA  L. 
Salicornia  fruticosa  L.  Sp.  PI.  ed.  2.  5.  1762 
Apparently  referable  here  is  a  specimen  from  Cameron, 
Louisiana,  collected  by  W.  L.  McAtee  in  1910  (No.  1916),  as  well 
as  Nash  &  Taylor's  No.  1122  from  Inagua,  Bahamas.  S.  fruticosa 
is  a  well-known  Old  World  species,  occurring  in  southern  Europe, 
western  Asia,  Africa,  and  Polynesia.  It  is  distinguished  from 
5.  perennis  Mill,  by  the  short,  conic  hairs  upon  the  seeds. 

The  common  perennial  Salicornia  of  the  Atlantic  and  Gulf 


*  Contr.  West.  Bot.  8:  40.     1898. 
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Coajits  of  North  America  and  of  the  West  Indies  was  referred  by 
eariy  writers  upon  American  tx)tany  to  SaUcomia  fruiicosa  L.  In 
recent  years  all  American  botanists,  following,  apparently,  the 
•tatements  made  by  Watson  in  1874,^  have  recognized  the 
American  plant  as  a  distinct  species  under  the  name  5.  ambigua 
Michx.  The  present  writer,  however,  can  find  no  character  by 
which  to  distinguish  5.  ambigua  from  5.  perennis,  a  common 
Old  World  plant,  and  the  one  which  formerly  passed  as  5.  fru- 
iu4>sa  L,  Watson  stated  that  the  American  plant  had  pubescent 
actds  and  the  European  glabrous  ones,  but  in  making  this  compari- 
son the  European  plant  he  really  had  in  mind  was  not  the  Lin- 
naean  spedes,  in  its  proper  sense,  but  a  plant  now  known  as 
Artkrocnemum  glaticum  (Delile)  Ung.  Sternb. 

Salicornia  depressa  Standley,  N.  Amer.  Fl.  21:  85.     1916 

An  annual  plant  of  southern  California,  distinguished  from 
5.  europaea  L.,  as  well  as  from  5.  rubra  A.  Nels.,  by  its  elongate, 
prrK»trate  lower  branches  and  small  seeds..  The  following  are  the 
only  collections  seen: 

Cauforxia:  San  Diego,  1899,  K.  Brandegee  (type);  near  the 
Initial  Monument,  1898,  K.  Brandegee;  Coronado  Sand  Spit, 
ChandUr  401 1. 

DONDIA  Adans. 

As  treated  in  the  North  American  Flora,  this  genus  includes 
twenty  spedes,  five  of  eastern  North  America,  the  rest  western. 
Se\*en  spedes  are  described  as  new,  three  of  them  known  only 
from  Mexico  or  from  barely  outside  that  country.  The  species 
of  this  genus  are  difficult  of  determination,  and  a  greater  amount 
of  herl)arium  material,  as  well  as  more  extensive  study  in  the  field, 
will  be  necessary  to  obtain  a  wholly  satisfactory'  treatment  of  them, 
if.  indeed,  such  a  treatment  is  fx>ssible.  The  s|)ecies  described  as 
new  beem  to  the  writer  to  Ix;  based  upon  important  differences; 
certainly  they  arc  fully  as  well  marked  as  most  of  those  heretofore 
recognized. 

DoN'DlA  DEPRESSA  (Pursh)  Britton;  Britt.  &  Brown,  III.  Fl.  i:  585. 

1896 

There  seem  to  be  no  definite  characters  by  which  to  stf)arate 
from  this  D.  cakeoUformis  (Hook.)  Rydb.  and  D,  ererta  (S.  Wats.) 
*  Proc.  Amcr.  Acmd.  9:  las.     1874. 
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A.  Nels.  The  latter  is  said,  by  those  who  know  it  in  the  field,  to 
diflfer  strikingly  in  its  prostrate  habit,  but  in  the  herbarium  no 
technical  differences  are  discoverable,  and  the  habital  differences, 
of  course,  are  not  then  apparent. 

DoNDiA  MEXICANA  Standley,  N.  Amer.  Fl.  21:  89.     1916 

Most  closely  related  to  D.  linearis  (Ell)  Heller,  a  coastal  plant 
of  the  West  Indies  and  the  eastern  and  southern  United  States, 
being  distinguished  chiefly  by  the  much  smaller  seed.  The  fol- 
lowing are  the  only  collections  known  at  present: 

San  Luis  Poxosf :  Hacienda  de  Angostura,  on  alkaline  plains, 
Pringle 3788  (type).    Texas:  El  Paso,  June  12,  1895,  Plank, 

DoNDiA  FRUTicosA  (L.)  Druce,  List  Brit.  PI.  60.     1908 

Chenopodina   Moquini   Torr.    Pacif.    R.    R.   Rep.    7':   18,    1858 

(hyponym). 
Suaeda  intermedia  S.  Wats.  Proc.  Amer.  Acad.  14:  296.     1879. 
Dondia  conferta  Small,  Bull.  N.  Y.  Bot.  Gard.  i:  280.     1899. 
Dondia  Moquini  A.  Nels.  Bot.  Gaz.  34:  363.     1902  (hyponym); 

Abrams,  Fl.  Los  Angeles  131.     1904. 
Dondia  WUsonii  Millsp.  Field  Mus.  Publ.  Bot.  2:  297.     1909. 

The  synonyms  cited  above  are  only  the  more  important  ones 
based  upon  North  American  plants.  The  most  common  Dondia 
of  the  western  United  States,  northern  Mexico,  the  Bahamas 
and  Cuba,  the  writer  is  wholly  unable  to  distinguish  from  the  Old 
World  D.  fruticosa.  The  West  Indian  plant  seems  quite  the  same 
as  that  of  the  western  United  States,  and  the  wide  distribution  in 
North  America  seems  to  make  more  plausible  the  specific  identity 
of  the  Old  World  and  American  plants. 

The  name  D.  Moquini^  which  has  been  much  used  in  recent 
years,  is  a  hyponym,  as  published  by  Torrey,  for  no  adequate  de- 
scription was  given.  Strictly  interpreted,  the  name  should  be 
typified  by  a  Cuban  specimen  cited  by  Moquin,  to  which  Torrey 
referred. 

Dondia  ramosissima  Standley,  N.  Amer.  Fl.  21:  91.     1916 

The  plants  segregated  under  this  name  haveusualVpassed  asZ>. 
suffrutescens  (S.Wats.)  Heller,  a  species  ranging  from  western  Texas 
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and  Chihuahua  to  Arizona,  but  they  are  distinguished  by  the 
••lender,  flexuous  branches  of  the  inflorescence  and  the  flat  leaves^ 
the^e  usually  abruptly  contracted  at  the  base  and  apparently 
fM'tiolate.     The  following  collections  belong  here: 

("alifornia:  Saratoga  Springs,  Covillc  6*  Funsion  304^  305; 
Indio,  June  10,  1907,  V.  BaiUy;  Calexico,  December,  1901,  /.  G. 
Holmes;  Death  Valley,  CavilU  6f  Funsion  iqj;  near  Bakersfleld, 
CcnrilU  5f  Funston  J233;  Colorado  Desert,  1869,  Palmer.  Arizona: 
l-r«  Ferry,  Nelson  62  (type).  Lower  California:  La  Paz, 
Selson  cf  Goldman  7484;  Los  Angeles  Bay,  Palmer  13;  Seven  Wells, 
5\arat6n   River,  Schoenfeldi  2887;  Gardners  Laguna,  Schoenfeldl 

2(J12. 

DoNDiA  TAXIFOLU  Standley,  N.  Amer.  Fl.  21:  91.     1916 

The  material  referred  here  has  been  included  usually  in  />. 
(olifomUa  (S  .Wats.)  Heller.  That  species,  however,  has  glabrous 
•^trmh  and  leaves,  while  this  is  copiously  pubescent  throughout. 
The  following  specimens  indicate  its  range: 

California:  Newport,  Davidson  2QQo;  Santa  Barbara,  East- 
uood  152;  Long  Beach,  Braunton  555;  San  Nicholas  Island,  April, 
IH<^7,  Trash;  Flaya  del  Rey,  Abrams  24^0  (type);  Santa  Barl^ara 
C<xinty,  Torrey  461;  Santa  Monica,  Nevin  6$g, 

DoNDiA  BREVIFOLIA  Standley,  N.  Amer.  Fl.  21:  92.     1916 

This,  too,  is  a  segregate  from  D.  califomica,  differing  in  its 
cfipkius  pubescence.  From  D.  taxifolia  it  is  distinguished  by  the 
imall  fl<iwers  and  much  shorter  leaves.  Collections  have  been 
•«t.-n  as  follows: 

Caufornia:  Newport,  Davidson  I77g  (type) ;  Balboa,  Davidson 
2yS2;  San  Clemente  Island,  Trask  37.  Lower  California: 
Agua  \'erde,  Rose  16601, 

t**itTKI>  Statw  Nationai.   MrSEtM. 

WAMIlNorON 


Digitized  by  VjOOQIC 


Digitized  by 


Google 


Phytogeographical  notes  on  the  Rocky  Mountiin  Region 
VII.  Formations  in  the  Subalpine  Zone 

p.  A.  RYO»sao 

In  my  Phytogeographical  Notes,  I  have  tried  to  present  the  dis- 
tribution of  the  Rocky  Mountain  phanerogams  viewed  from  three 
different  standpoints:  (i)  their  zonal  distribution,  (2)  their  geo- 
graphic (provincial)  distribution,  and  (3)  their  formational  dis- 
tribution. In  other  words,  I  have  classified  the  plants:  (i)  ac- 
cording to  the  life  zone  to  which  they  belong;  (2)  according  to  their 
surface  distribution,  inside  as  well  as  outside  the  Roclc>'  Mountain 
region;  (3)  according  to  the  formation  to  which  they  belong,  i.  e., 
whether  they  are  hydrophytes,  or  mesophytes,  or  xerophytes,  or 
any  subdivision  of  these.  WTien  I  mention  formation  this  should 
not  be  taken  in  a  purely  ecological  sense.  In  the  third  paper  of 
the  series,  "Formations  in  the  Alpine  Zone,"*  I  indicated  that  I 
treated  the  "Formations"  purely  from  a  phytogeographical 
standpoint,  and  hav'e  nowhere  treated  plant  societies,  and  still 
two  reviewers  of  my  articles  (both  ecologists)  have  criticized  me 
for  not  stating  which  were  the  characteristic,  the  most  common, 
and  the  secondary  species.  To  do  this,  when  a  whole  mountain 
n^on  is  treated,  is  impossible,  for  in  the  same  class  of  formations 
certain  species  may  be  the  characteristic  ones  in  one  locality,  while 
in  another  they  may  1k»  only  secc)ndar>'  or  even  lacking  altogether. 

As  shown  in  the  fourth  and  fifth  papers  of  this  serie5*t  the  vege- 
tation of  the  Subalpine  Zone  consists  mostly  of  fon*sts  and  grass- 
lands. Especitilly  in  the  Southern  Rockit^,  where  the  mountain 
slopes  are  very  steep,  another  formation  is  also  a)mmon,  namely^ 
the  rock-slides.  Where  the  latter  do  not  exist,  the  slopes  are 
mostly  covered  by  forest,  while  the  hog-l)acks  and  valleys  are 
grasslands. 

A.   FORESTS 

As  the  forests  evidently  cover  the  larger  area,  they  may  be 
treated    first.    The    forest     tre<*s   are   sbc:   Picea   Engelmannii, 

*  Bull.  Totrry  Club  41:  45S/-474.     ivi4- 

t  Bull.  Torrcy  Club  4J:  11-18;  6jv-^tja.     1915. 
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Populus  tremuloides,  Abies  Idsiocarpa,  Pinus  aristata,  Finns 
exilis,  and  Pseudots  uga  mucronata,  of  which  the  last  two  really 
belong  to  the  Montane  Zone  and  extend  into  the  lower  part  only 
of  the  Subalpine  Zone.  Their  relative  importance,  size,  and  dis- 
tribution have  been  treated  before.* 

The  forest  formations  of  the  Subalpine  Zone  in  the  Rockies  may 
be  divided  into  more  or  less  defined  classes,  according  to  the  most 
characteristic  trees  found  there. 

I.  Spruce-balsam  forest 

This  formation  in  the  Southern  Rockies  is  mostly  found  on  the 
northern  slopes  and  along  water  courses.  The  predominant  tree 
is  the  Engelmann  spruce,  Picea  Engelmannii.  Sometimes  it  is 
found  in  pure  stand,  sometimes  mixed  with  the  subalpine  fir  or 
balsam,  Abies  lasiocarpa,  occasionally  also  with  the  aspen.  In  the 
lower  part  of  the  zone  the  red  fir,  Pseudotsuga  mucronaia,  is  often 
added.  The  following  species  constitute  mainly  the  flora  of  the 
spruce-woods,  though  several  more  might  be  added,  especially  such 
as  are  characteristic  of  the  aspen  groves,  and  occasionally  accom- 
pany the  aspen  into  the  coniferous  woods. 

The  corresponding  formation  in  the  Northern  Rockies  resembles 
that  of  the  Southern  very  closely,  except  that  Abies  lasiocarpa 
becomes  more  common  on  the  western  side,  and  on  the  western 
slope  of  the  Bitter  Root  Mountains  in  places  becomes  the  dominant 
tree.  Lyall's  larch,  Larix  Lyallii^  and  the  alpine  hemlock,  Hes- 
peropeuce  Mertensiana,  are  added  in  the  Bitter  Root  Mountains 
and  the  Selkirks,  and  the  former  in  the  main  Rockies  north  of 
latitude  48®  30'.  The  red  fir,  Pseudotsuga  mucronata,  scarcely 
reaches  the  subalpine  region  in  the  Northern  Rockies,  but  the 
lodge-pole  pine,  Pinus  Murrayana,  often  enters  the  lower  portion 
of  the  zone.  As  stated  in  a  previous  paper,  Picea  Engelmannii  and 
Abies  lasiocarpa  are  rare  in  the  Big  Horn  Mountains,  and  there 
often  the  upper  limit  of  the  lodge-pole  pine  constitutes  the  timber 
line. 

The  undergrowth  of  the  spruce-balsam  forest  in  the  Northern 
Rockies  is  similar  to  that  of  the  Southern  Rockies.  Many  of  the 
plants  are  common  to  both  regions,  as  seen  from  the  following 

♦  Bull.  Torrey  Club  42:  14-20. 
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list.  The  place  of  the  plants  limited  to  the  Southern  Rockies  is 
taken  by  those  enumerated  below.  Species  in  this  and  subsequent 
Ikts  which  are  marked  "  f  "  are  limited  to  the  Bitter  Root-Selkirk 
refcion  while  those  marked  **  J "  are  limited  to  the  Canadian 
Rockies. 


Common  to  the  Southern  and  Northern  Rockies 
Trees 

Pseudoisuga  mucronaia  (lower 
portion  of  the  zone  only) 


Picea  Engdmannii 
AbUs  lasiocarpa 
{Populus  IremuJoides) 


Sorbus  scopulina 
Lepargyrea  canadensis 
Parhystima  myrsiniUs 
Linnaea  americana 
Distegia  intolucraia 

Poa  cfocata 
Bramus  Richardsonii 
Vagnera  stellata 
Disporum  trackycarpum 
LysitUa  obtusata 
Opkrys  borealis 

nephrophylla 
Cytkcrea  bulbosa 
Alsine  baicalensis 
Huilictrum  sparsifiorum 
Airagene  tenuiloba 
Pamassia  fimbriata 
PaHantkia  pentandra 
Osomelis  stauropeUUa 
Muranthes  arguia 


Shrubs 

GauUheria  humifusa 
Vaccinium  caespitosum 
**  oreophilum 

"  scoparium 

Herbs 

Tium  alpinum 
A  telophragma  elegans 
AragaUus  deflexus 
Osmorrhiza  obiusa 
Ligusticum  Porteri 
Moneses  uniflora 
Pyrola  chlorantha 

"      minor 

"      secunda 
Polemonium  delicatum 
Pedicularis  racemosa 
Veronica  serpyUifolia 
Arnica  cordifolia 

**      Parryi 

**       pumila 


Restricted  to  the  Southern  Rockies 
Herl)s 
AmiicUa  coloradensis  Ozomelis  stenopetala 

Limnorchis  purpurascens  **        Parryi 

Aquilegia  eUganiula  Viola  neomexicana 
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Conioselinum  scopulorum  Adooca  moschateUina 

**  coloradense  Valeriana  ovata 

Androsace  pinetorum  Senecio  amplecians 
Castilleja  confusa 

Restricted  to  the  Northern  Rockies 
Shrubs 
Ribes  laxiflorum  Chiogenes  hispudtda 

\     "     hudsonianum  Va^cinium  occidentale 

**     peliolare  **  globular e 

Azaliastrum  albiflorum  Linnaea'longiflora 

Gaultheria  ovatifolia 

Herbs 
XAlsine  borealis  XOzomelis  trifida 

Aquilegia  Columbiana  Aidophragma  Forwoodii 

*  *        formosa  A  ragaUus  foliolosus 
Dentaria  rupicola                         ^Osmorrhiza  Leibergii 
Parnassia  palustris                       Ligusticum  fiiicinum 

*  **         Kotzebuei  Moneses  reticulata 
Heuchera  glabra                             Pyrola  uliginosa 

^Pectianthia  Breweri  Aster  meritus 

2.  Pine  slopes 
The  characteristic  tree  of  this  formation  in  the  Southern 
Rockies  is  the  bristle-cone  pine,  Pinus  aristata,  which  occupies  dry 
slopes  and  ridges  especially  on  the  southern  side  of  the  mountains. 
It  seldom  forms  a  dense  forest.  Occasionally  Picea  Engdtnannii 
or  Populus  tremuloides  has  encroached  on  the  pine  slopes  and  then 
the  woods  are  more  dense.  In  the  lower  part  of  the  zone  the 
bristle-cone  pine  is  often  mixed  with  the  limber  pine,  Pinus  flexUis. 
As  Pinus  aristata  seldom  makes  a  close  stand  but  grows  scattered 
on  the  slopes,  the  undergrowth  is  mostly  made  up  of  the  grass 
formations,  either  that  of  the  mountain  slopes  or  that  of  the  hog- 
backs. Wherever  the  trees  stand  close  the  undergrowth  contains 
more  and  more  of  the  element  found  in  the  more  open  woods. 
Some  of  the  more  common  species  are:  Arenaria  Fendleri,  Arnica 
cordifolia^  A.  pumila,  A.  Parryi,  Polemonium  delicaium^  Draba 
streptocarpa,  D,  aureiformis,  Pseudocymopterus  montanus,  Solidago 
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decumbens,  Poa  crocata,  Fesiuca  saxitmrntana,  Agropyron  Scribneri, 
and  Bromus  Richardsonii. 

The  geneial  feature  of  the  corresponding  formation  in  the 
Northern  Rockies  is  the  same  as  that  just  described »  but  the 
principal  tree  of  the  Southern  Rockies*  Pinus  aristaia,  is  not  found 
there.  Its  place  is  taken  by  Pinus  albicauUs.  This  tree  grows 
even  more  scattered  and  the  undergrowth  is  composed  of  plants 
which  are  still  more  characteristic  of  the  grass'^x>vered  hog- 
backs. Some  of  the  plants  found  in  the  Southern  Rockies,  as  for 
instance  PseudocymopUrus  montanus,  are  lacking.  Calamagrostis 
purpurascens  and  Agropyron  latiglume  are  rather  common.  So 
are  also  XerophyUum  tenax  and  X.  Douglasii  in  places,  especially 
west  of  the  mountains. 

3.  Aspen  groves 

The  aspen  in  the  Southern  Rockies  grows  mostly  on  more 
gentle  slopes  than  the  pines,  both  on  the  north  and  south  sides  of 
the  mountains,  especially  where  the  ground  is  richer  and  moist. 
It  often  takes  possession  of  the  ground  after  the  coniferous  forest 
has  been  destroyed  by  fire  or  otherwise.  Usually  it  grows  in 
groves,  but  sometimes  n^ixed  with  the  spruce,  balsam  ^nd  pines, 
especially  along  the  edges  of  woods. 

The  aspen  is  not  so  common  in  the  Northern  Rockies,  and  this 
is  especially  true  of  the  Subalpine  Zone.  In  the  Montane  Zone 
it  grows  usually  mixed  with  other  species  of  Populus,  birches  and 
alders,  while  in  the  Subalpine  Zone  it  is  found  along  the  edges  of 
the  spruce  woods,  in  company  with  alders  and  the  mountain  ash. 

The  following  plants  are  characteristic  of  the  aspen  groves,  or 
elM?  have  followed  the  aspens  where  they  grow  mixed  with  the  other 
tree*: 

Common  to  the  Southern  and  Northern  Rockies 


Popultis  tremuhidfs 


Trees 


Shrubs 


Salix  brackycarpa  Diste^ia  involucrata 

Sorbus  scopulina  Vaccinium  sioparium 

Herbs 
Poa  cfoccia  Bromus  Ruhardsonii 
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Bromus  Pumpellianus 
Agropyron  violaceum 
Carex  Geyeri 
**     Rossii 
**      brunnescens 
Allium  brevistylum 
Vagnera  stellata 
Iris  missouriensis 
Disporum  trachycarpum 
Coeloglossum  bracteatum 
Alsine  baicalensis 
Moehringia  macrophyUa 
Atragene  tenuiloba 
Anemone  globosa 
Aquilegia  caerulea 
Arabis  Drummondii 
Sieversia  arizonica 
Lupinus  parviflorus 

"        ptUcherrimus 
Tium  alpinum 


Atelophragma  elegans 
Chamaenerion  laiifoUum 
Osmorrhiza  obtusa 
Pyrolu  tdiginosa 

**       minor 

'*      secunda 
Pedicularis  racemosa 
**  bracteata 

"  Grayi 

Veronica  serpyllifolia 
Campanula  petiolata 
Oreochrysum  Parryi 
Erigeron  CouUeri 
glabeUus 
Anaphalis  subalpina 
Arnica  Parryi 

"       pumila 
Achillea  lanulosa 
Hieracium  gracUe 
Aster  Lindleyanus 


Restricted  to  the  Southern  Rockies 
Shrubs 


Salix  Wolfii 
Ribes  coloradense 


Ribes  Wolfii 
Sambucus  microbotrys 


Herbs 


Danthonia  Parryi 
Anticlea  coloradensis 
Limnorchis  purpurascens 
Aquilegia  elegantula 
Draba  chrysantha 

**  streptocarpa 
Viola  neomexicana 
Ligusiicum  Porteri 
Pseudocymopterus  montanus 


Pseudocymopterus  sylvcUicus 
Conioselinum  scopulorum 
**  coloradense 

Castilleja  confusa 
Polemonium  foliosissimum 
Valeriana  purpurascens 
Antennaria  viscidula 
Senecio  amplectens 
**        ambrosioides 
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Restricted  to  the  Northern  Rockies 
Shrubs 
tRibfs  hudsonianum  Ribes  laxiflorum 

"    petiolare  **     glandulosum 


AquiUgia  columbiana 

"       formosa 
A  ragallus  foliolosus 
Htdysarum  sulphurascens 


Herbs 

Hedysarum  Mackenzii 
^Osmorrhiza  Leibergii 
Pedicularis  contorta 
Aster  meritus 


4.  Copses  and  borders  of  woods 

Shrubberies  in  the  Southern  Rockies  are  not  common  outside 
of  the  willow  bogs,  and  the  plants  gathered  together  under  this 
heading  do  not  form  a  distinct  formation  but  a  mixture  from 
s**\'eral,  especially  of  those  of  the  aspen  groves,  the  willow  bogs, 
and  the  meadows.  It  consists  in  reality  of  the  zone  of  strife 
between  the  last  one  mentioned  and  the  other  two.  It  is  therefore 
not  necessary  to  give  a  full  list  of  the  plants,  but  only  advisable 
to  mention  the  more  common  ones. 

Copwcs  are  more  common  in  the  Northern  Rockies,  especially 
along  the  subalpine  brooks,  where  Alnus  sinuate  is  the  predominant 
fr[>ecics. 

Common  to  the  Southern  and  Northern  Rockies 


Salix  brachycarpa 
Vacdnium  scoparium 

Phleum  alpinum 
Calamagrostis  canadensis 
*'  Langsdorfii 

Deuhampsia  airopurpurea 
Elymus  glaucus 
Panicularia  nervata 

"  pauciflora 

Poa  reflexa 
'•    leptocoma 


Shrubs 

Distegia  involucrata 

Herbs 

"    Olncyi 

Car  ex  Geyeri 
"  Rossii 
'*       hrunnescens 

Veratrum  spfciosum 

Vagnera  strllata 

Si  I  en  e  Me  n  z  ie  s  i  t 

Moehriniiia  macro phylla 

Draba  nit  id  a 
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Fragaria  bracteata 
CastiUeja  rhexifolia 

"         lanata 
Erigeron  Coulteri 


Antennaria  anaphaloides 
Arnica  Parryi 
Anaphalis  subalpina 


Salix  Wolfii 
Acer  trifida  (Utah) 

Trisetum  montanum 
Capnaides  brachycarpum 
Drymocallis  fissa 
Lathyrus  arizonicus 
Ligusticella  Ea^twoodide 


Restricted  to  the  Southern  Rockies 
Shrubs 

Sambucus  microbotrys 


Herbs 

Pseudocymoptertis  montanus 
Oreochrysum  Parryi 
Cirsium  oreophilum 

Eatonii  (Utah) 
"       griseum 


Restricted  to  the  Northern  Rockies 
Shrubs 
XSalix  Hookeriana  Ribes  hudsonianum 

iRibes  glandidosum 


Silene  repens 

**      oregana 
Aquilegia  columbiana 
Sieversia  ciliata 
Fragaria  bracteata 
Lupinus  monticola 

**        caespitostis 
Astragalus  spicatus 


Alnus  sinuata 

Herbs 

Hotnahbus  Bourgovii 
Hedysarum  stdphurescens 

"  Mackenzii 

Chaemaenerion  angustifolium 

**  latifolium 

Senecio  pseudaureus 
Castilleja  Tweedyi 

"        lancifolia 

B.    GRASSLANDS 


The  grasslands  have  been  discussed  in  the  fifth  paper  of  the 
series,*  and  the  grasses  were  there  enumerated.  I  shall  not  repeat 
here  the  discussion,  but  merely  list  the  species  of  plants  which 
enter  into  the  composition  of  these  different  formations. 

♦  Bull.  Torrey  Club  42:  629-634.     191 5- 
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Common  to  the 
ifukUnbergia  racemosa 

"  conuUa 

PkUum  praiense 
'*       alpinum 
Ahpecurus  aristuUUus 
**         occidentalis 
Agrosiis  asperifolia 
**        hyemalis 
**        variabilis 
Calamagrostis  Langsdorfii 
**  canadensis 

Deschampsia  airopurpurea 
**  curtifolia 

"  caespitosa 

Triseium  subspicatum 

"         majus 
Grapkepkorum  muiicum 
Danthonia  califomica 
*'         intermedia 
Poa  pratensis 
"    reftexa 
"    lepiocoma 
"    alpina 
"    Olneyi 
•*     Vaseyana 
Pani^ularia  neroata 

"  pauciflora 

Hordeum  jubaium 
Carex  pyrenaca 
nigricans 
ebumea 
Prtslii 
brunnescens 
capiUaris 
albonitra 
Rtynddsii 


I.  Meadows 

Southern  and  Northern  Rockies 
Carex  nova 
**     chalciolepis 
"     atrata 
Verairum  speciosum 
Junctis  parous 

*'      Mertensianus 
Juncoides  parviflcrum 
**        intermedium 
Lloydia  serotina 
Bistorta  bistortoides 
"       Unearifolia 
Alsine  strictifiora 
"     boreaUs 
"      longifolia 
**      calycantha 
Silene  Douglasii 
Anemone  globosa 
Ranunculus  alismaefolius 
**  micropetalus 

**  eximius 

alpeophUus 
Eschscholtsii 
Aquilegia  caerulea 
Aconitum  columbianum 

**         insigne 
Thlaspi  glaucum 
Arabis  Drummondii 
Clemenisia  rhodantka 
Heuchera  parviflora 
Leptasea  Ilirculus 
Potentilla  filipes 

**  diver  sif alia 

**  glaucophylla 

**         decurrens 
**         arachnoidea 
Fragaria  glauca 
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Dasiphora  fruticosa 
Sieversia  ciliata 
Acomastylis  turbinata 
Viola  bellidifoUa 
Primula  angusUfolia 

**        Parryi 
Anthopogon  elegans 
Amardla  scopuhrum 
plebeia 

*'         strictiflora 
Dasystephana  Romanzovii 
Phlox  Kdseyi 
Myosotis  alpestris 
Veronica  Wormskioldii 
Valeriana  edulis 
Campanula  petiolata 
Solidago  oreophila 
Aster  Canbyi 
Erigeron  elatior 

**       flagellar  is 

**        glabellus 


Erigeron  jucundus 
"        salsuginosus 
"        superbus 
Antennaria  bracteosa 
"         corymbose 
*'  microphyUa 

"  rosea 

Rydbergia  grandiflora 
Arnica  rhizomata 
**       Rydbergii 
Senecio  crassulus 
'*       perplexans 
"       atrattis 
*'       pseudaureus 
**       pauciflorus 
'*       cymbalarioides 
Achillea  lanulosa 

"       subalpina 
Hieracium  graciie 
Taraxacum  ammophilum 
Agoseris  aurantiaca 


Restricted  to  the  Southern  Rockies 


Muhlenbergia  Wolfii 
Agrostis  melaleuca 
Deschampsia  alpicola 
Graphephorum  Wolfii 
Poa  calHchroa 

**    pudica 

'*    occidentalis 

'*    tricholepis 
Car  ex  bella 

*'      epapillosa 
Veratrum  tenuipetalum 
Silene  Hallii 
Sophia  purpurascens 
Cheirinia  oblanceolata 


Draba  streptocarpa 

**      spectabilis 
Potentilla  viridior 
Aragallus  Parryi 
Anthopogon  barbellatum 
Mertensia  pratensis 
Besseya  plantaginea 
Castilleja  brunnescens 
Campanula  Parryi 
Pyrrocoma  Clementis 
Aster  griseolus 
Erigeron  formosissimum 
Rydbergia  Brandegei 
Dugaldia  Hoopesii 
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Arnica  macilenia 

"       subplumosa 
Senecio  pudicus 

"       ckloranthus 

"       Icpaihifolius 

Restricted  to 
Atrostis  variabilis 
Poa  nervosa 
Carex  ablata 
**      montanensis 
*'      spcctabilis 
Juncoides  glabratum 
Alsine  crassifolia 
SHene  oregana 
**      re  pens 
**      Douglasii 
XPulsaiiUa  occidentalis 
Ranunculus  atismellus 
"  saxicola 

**  Suksdorfii 

Aconitum  ramosum 
X      '*         delphinifolium 
Thlaspi  californkum 
Heuckera  ftabellifolia 

ovalifolia 
PoteniiUa  viridescens 
glomerata 
**         Vreelandii 
flabellifolia 
*'         virgultata 
Drymocallis  pseudorupestris 
Acomastylis  srruea 
Sieversia  ciliata 
Lupinus  montuola 


Senecio  anacletus 
**       amplectans 
*'      foliosus 
'*       mtdiicapitatus 

Agoseris  graminifolia 

the  Northern  Rockies 
Trifolium  Haydeni 
A  ragallus  viscidulus 

**         viscidus 
Epilobium  latiuscuJum 
t       **  Drummondii 

**         oregonense 

**         anagaUidifolium 
Dodecatheon  unifiorum 
AmareUa  anisosepata 
Phlox  alyssifolia 
Meriensia  paniculata 

**         stenoloba 
Penistemon  fruiicosum 

**  crassifolium 

t       "  Lyallii 

CastiUeja  luiea 

**        palUscens 
AdenosUgia  ramosa 
Euphrasia  mollis 
^Campanula  hrterodoxa 
Erigeron  politus 
Aniennaria  umhrineUa 
Arnica  tenuis 
Senecio  megocephalus 
•'       Hooker  i 
**       lugens 
X Agoseris  pumila 


2,  Dry  vau-eys  and  Bkn(  hlani>n* 
Species  marked  **  5 '*  are  found  in  more  scindy  plant's;  thost* 

•  Foe  dr«cript»un  wc  Bull,  rorrt-y  B*ii.  *  lub  4J    f*\i.     igi5. 
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marked  "  Utah  "  are  restricted  within  the  region  of  the  Southern 
Rockies  to  the  Wahsatch  and  Uintah  Mountains  of  Utah. 


Common  to  the  Southern  and  Northern  Rockies 


SHpa  Tweedyi 

**     minor 
Poa  crocata 
"    longiligula 
"    Iticida 
**    Buckley  ana 
Bromus  PorUri 

'*       Richardsonii 
"       polyanihos 
Agropyron  violaceum 
Elymus  simplex 
Carex  Hepburnii 
**      Engelmannii 
*'      occidentalis 
**      obtusata 
'*      rupestris 
"      Rossii 
Eriogonum  flavum 

'*         umbellatum 
Cerastium  scoptdorum 

**        strictum 
Alsinopsis  Nuttallii  (Utah) 
Anemone  globosa 
Pulsatilla  ludoviciana 


Thlaspi  californicum 

**        glaucum 
Draba  aureiformis 
Ivesia  Gordonii 
PotentiUa  fiiipes 

**         arachnoidea 
Dasiphora  fruticosa 
\Gayophytum  racemosum 
Phacelia  heterophylla 
Penistemon  procerus 
Campanula  peiiolata 
Leptodactylum  pungens 
Chrysopsis  aspereUa 
Macronema  discoideum 
Townsendia  incana 
Antennaria  aprica 
**  bracteosa 

**         corymbosa 
"  microphylla 

"         rosea 
Hymenopappus  cinereus 
Senecio  Purshianus 
Achillea  lanulosa 


Restricted  to  the  Southern  Rockies 


Carex  Egglestonii 
Eriogonum  arcuatum 
*'  chloranthum 

**  neglectum 

Cerastium  variabile 
^Arenaria  confusa 
**         globosa 
^Alsinopsis  macrantha 


Lesquerella  montana 

Wardii  (Utah) 
Cheirinia  lanceolata 
Draba  Parryi 

*'      streptocarpa 

**      spectabilis 

''      luteola 

'*      brachystylis 
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Geranium  PaUersanii  Geranium  pumila 

Pseudopieryxia  longiloba  (Utah)  Erigeron  flagdlaris 
Penlstemon  caespiiosus  Senecio  Nelsonii 

Ckrysopsis  alpicola  "       Jonesii  (Utah) 

Restricted  to  the  Northern  Rockies 


Ericgonum  Piperi 

polyphyllum 
•*  heracUoides 

Spraguea  muUiceps 
Aremiria  liikophila 
t     "        salmonensis 
A  rahis  exilis 

3.  Mountain  slopes* 

Common  to  the  Southern  and  Northern  Rockies 


CogswelUa  montana 
Androsace  seplentrionalis 
Phlox  alyssifoUa 
Erigeron  Txveedyi 
Antennaria  albescens 
Lygodesmia  juncea 


Car  ex  pyrenaica 
"      nigricans 

Geyeri 
'*      pseudoscirpoidea 
"      ckimaphila 
Juncus  Drummondii 

"      Parryi 
Juncoides  spicatum 
Uoydia  serotina 
Salix  petrophila 

saximoniana 
Cerasiium  scopulorum 

*•         strictum 
A  nrmone  globosa 
A  quilegia  coerulea 
Draha  niiida 
*'      eras  si  folia 
"      Parryi 
"      aureiformis 
aurea 
A  rabis  oblanceolala 
"       oreopkila  (Utah) 


Rhodiola  integrifolia, 

Lithophragma  bulbifera 

Heuchera  flavescens 
"         parviflora 

Micranthes  amoglossa 
**  rhomboidea 

'*  br achy  pus 

Spalhularia  Vreelandii 

Ivesia  Gordonii 

PotentiUa  filipes 

diversifolia 

glaucophylla 

divisa 

quinquefolia 

nivea 

saximoniana 

Sibbaldia  procumbens 

Acomasiylis  turbinata 

Ilomalobus  humilis 

Epilobium  cl<ivaium 

*  *  ana gallidifoliu  m 

Artier  I  if  a  Kosri  (Utah) 


•  Foe  dlTiwrion  sec  Bull.  Torrey  Club  4a:  6jj.     1915. 
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AmareUa  scopulorum 

"        plebeia 
Dasystephana  affinis 
Polemonium  viscosum  (Utah) 
Phacelia  heterophylla 

alpina  (Utah) 

"        sericea 

"        ciliosa 
Mertensia  alpina 
Pentstemon  procerus 
Synthyris  pinnatifida  (Utah) 

laciniata  (Utah) 
CastiUeja  occidenkUis 
Valeriana  edulis 
Campanula  petiolata 
SoUdago  ciliosa 

"        oreophila 


Aster  andinus 
"    frondeus 
"     apricus 
Erigeron  glabellus 
Antennaria  anaphaloides 
"  aprica 

"  pulcherrima 

"  umbrinella 

Arnica  Parryi 
"      pumila 
Senecio  Nelsonii 
"       crocaius 
**      cymbalarioides 
Artemisia  spithamaea 
**         scopulorum 
"         saxicola 
Taraxacum  scopulorum 


Restricted  to  the  Southern  Rockies 


Carex  nuhicola 
J  uncus  Hallii 
Erythronium  parvifiorum 
Salix  pseudolapponicnm 
Cerastium  Earlei 
"         variabUe 
**         oreophUum 
Vahlbergilla  Kingi  (Utah) 

**  montana 

Anemone  zephyra 
Aquilegia  scopulorum 
''        thalictrifolia 
Sophia  purpurascens 
Cheirinia  oblanceolata 
Draba  chrysantha 
**      streptocarpa 
**      spectabilis 
''      luteola 


Rhodiola  polygama 
Germania  debilis  (Utah) 
Potentilla  modesta  (Utah) 

"        tenerrima  * 
Trifolium  Brandegei 

"         Parryi 
P^eudocymopterus  Tidestromii 

(Utah) 
Angelica  Grayi 
Primula  angustifolia 
Polemonium  confertum 
**  mellUum 

*'  Brandegei 

Lepiodactylon  Nuttallii 
Dasystephana  Parryi 
Phacelia  nervosa 
Mertensia  lateriflora 
Bakeri 
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Meriensia  Parryi 
Penistemon  stenosepalus 
"  caespUosus 

Besseya  alpina 
"       planiaginea 
RitUriana 
CasHUrja  puberula 
Pedicularis  Parryi 

"         scopuhrum 
VaUriana  acuiihba 


SoUdago  decumbens 

Oreochrysum  Parryi 

Aster  griseolus 

Machaeranihera  PaUcrsonii 

Senedofedif alius 
"      peiracallis 
"       ambrasioides 

Artemisia  PaUersonU 
Parryi 

Agoseris  agrestis 


Restricted  to  the  Northern  Rockies 


Xerophyllum  tenax 

*'  Douglasii 

Erytkronium  obtusum 

"  grandiflorum 

Salix  SeemannU 
"      cascadensis 
"      FernaUii 
Arenaria  lithophila 
t      '*        salfftonensis 
SiUne  LyaUii 

"      muUiaxulis 
ISophia  sophiaides 
Draba  cana 
Arabis  LyaUii 
Heuchera  grossularifolia 

flabeUifolia 
Micranthes  occidentalis 
"         saximontana 
RydbergU 
Spaikularia  Brunnoniana 
PoUnHUa  Vredandii 
perdisecta 
DrymocaUis  pseudorupestris 
AcomastyUs  sericea 
Siitersia  ciUaia 


Lupinus  caespitosus 
TrifoUum  montanense 
Cystium  pkUytropis 
Viola  adunca 
Bupleurum  americanum 
Amarella  propinqua 
Dasystephana  calycosa 

**  monticola 

Phacelia  LyaUii 
Mertensia  paniculate 

"         stenoloba 

"  Tweedyi 

Pentstemon  montanus 

"         pseudokumilis 
'*  Tweedyi 

Pedicularis  IlaUii 
Valeriana  septentrionalis 
Campanula  heterodoxa 
Oreostemma  Haydeni 
Tottmsendia  Parryi 
Antennaria  lanata 
XArtemisia  arctica 
elatior 
A  goseris  pumila 
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4.  Hog-backs* 
Common  to  the  Southern  and  Northern  Rockies 


Carex  Hepburnii 

Rhodiola  integrifoUa 

"     EngdmannU 

Ivesia  Gordonii 

"      occidentalis 

PotentiUa  divisa 

**     phaenocephala 

"        nivea 

"     obiusata 

**        uniflora 

**     rupestris 

"         saximontana 

''     Helleri 

"        arachnoidea 

*'     Rossii 

Sibbaldia  procumbens 

Eriogonum  arcuatum 

Dasiphora  fruticosa  var. 

"         flavum 

Trifolium  nanum 

"          umheUatum 

Androsace  carinaia 

Oreobroma  pygmaea 

Giiia  globulaHs 

SUene  acauUs 

Phlox  depressa 

CerasUum  Behrihgianum 

"     caespitosa 

Alsinopsis  NuttaUii 

Eritrichium  elongatum 

**         obiusiloba 

"     »     argenteum 

Anemone  parviflora 

CastiUeja  occidentalis 

tetonensis  (Utah) 

Erigeron  compositus 

"         Drummondii 

"       melanocephalus 

Pulsatilla  ludoviciana 

**       simplex 

Smelowskia  americana 

Antennaria  aprica 

**          lineariloba 

'*         media 

Draba  ventrosa 

**         sedoides 

"      oligosperma 

"         umbrineUa 

**      andina    . 

Cha^nactis  alpina 

"      crassa 

Senecio  Purshianus 

'*     luteola 

Artemisia  scoptdorum 

"      aurea 

"        spUhamaea 

Restricted  to  the  Southern  Rockies 
Eriogonum  cfdoranthum  Arenaria  Fendleri 


"  neglectum 

Paronychia  pulvinata 


Thlaspi  coloradense 
*'       purpurascens 


♦  For  discussion  see  Bull.  Torrey  Club  4a:  633.    1915. 
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Lesquerella  parvula 

Wardii  (Utah) 
Cheirinia  nivalis 

'*         radiaia 

"         amoena 
Draba  sobolifera  (Utah) 

"      pectinata 
Ivtsia  utahensis  (Utah) 
PoteniiUa  ienerrima 

"  minutifolia 

paucijuga  (Utah) 
Trifolium  stenolobium 

"         hracteolatum 

**         lividum 

"         dasyphyllum 

Restricted  to 
Eriogonum  Pi  peri 

polyphyUum 
**  caespitosum 

"  Pyrolaefolium 

Oreobroma  minima 
A  nemone  Drummondii 
AquiUgia  Jonesii 
XSmelowskia  lobata 
t         "  ovalis 

Pihsella  Richardsoniana 
^Draba  eurocarpa 
**      dcnsiflbra 
"      tonchocarpa 
A  rabis  LyaUii 
fPhoenicaulis  cheiranihoides 
ConiomiUUa  WiUiamsii 
Heuchera  avalifolia 
poUnliUa  brevifolia 
"         Macounii 
"         wyonningensis 
avina 
Trifolium  seariosum 


Aragallus  HaUii 

oreophilus  (Utah) 
Oreoxis  humilis 

"      Baken 

**       alpina 
Phlox  condensala 
Synthyris  pinnatifida 

*'  laciniata 
Chrysopsis  alpicola 
Erigeron  glandulosus 

*'        pinnatisecius 
Senecio  wemeriaefolius 

"       Holmii 

*'       taraxacoides 

"       Soldanella 

the  Northern  Rockies 
A  ragallus  alpicola 
**        viscidus 
**        viscidulus 
Viola  adunca 

PseudocymopUrus  bipinn€Uus 
BupUurum  purpurascens 
Douglasia  montana 
Phlox  costala 

**      diapensioides 
Synthyris  dissecta 

'*        reniformis 
Townsendia  Parryi 
fiorifcr 
Oreostemma  Haydeni 
Erigeron  radicatus 
**        Scribneri 
"         Tweedyi 
Aniennaria  acuta 

**  mucronata 

"  pulvinata 

XTonestus  laceratus 
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C.    VARIOUS  HYDROPHYTIC  FORMATIONS 
These  consist  of  bogs,  brook  banks,  lakes,  ponds,  and  brooks. 
In  the  Subalpine  Zone  these  contain  few  grasses  and  no  trees.    The 
bogs  may  be  divided  into  sedge  bogs,  willow  bogs  and  Sphagnum 
bogs. 

I.  Sedge  bogs 

The  sedge  bogs  resemble  those  of  the  Alpine  Zone.    These  have 
already  been  described  in  a  previous  paper.* 

Common  to  the  Southern  and  Northern  Rockies 


Alopecurus  arisiidatus 
Calamagrosiis  Langsdorfii 
Poa  reflexa 
Phleum  alpinum 
Panicularia  pauciflora 
Carex  nigricans 
**     gymnocrates 
**     disperma 
'*     aurea 
'*     brunnescens 
"     Reynoldsii 
**     nova 
"     bella 
**     aquatilis 
Scirpus  paucifiorus 
'*       caespitosus 
Eriophorum  angustifolium 

**  gracile 

Juncus  balticus  montanus 
*'       triglumis 
**      castaneus 
"       Mertensianus 
Bistorta  bistortoides 
"        linearifolia 
**        vivipara 
Alsine  longifolia 
**       stricHflora 


Alsine  laeta 

**      crassifolia 

'*       calycaniha 
Thalictrum  alpinus 
Ranunculus  affinis 
Ranunculus  eximius 
Trollius  albiflorjis 
Aconitum  columbianum 
Radicula  alpina 
Parnassia  fimbriata 
Micranthes  argtUa 
Geum  rivale 
Epilobium  ovatifolium 
**  Drummondii 

"  wyomingense 

Hippurus  vulgaris 
Pyrola  uliginosa 
Primula  Parryi 
Anthopogon  elegans 
Amarella  scopulina 
"         strictifiora 
Dasystephana  Romanzavii 
Pleurogyne  fontana 
Swertia  scopulina 

**       conges  ta 
Myosotis  alpestris 
Veronica  americana 


♦See  Bull.  Torrey  Club  41:  471,  472,  1914. 
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Veronica  Wormskjoldii 
Elepkaniella  groenlandica 
Uimulus  Langsdorfii 


Senecio  crassidus 
Erigeron  salsuginosus 


Restricted  to  the  Southern  Rockies 


Juncus  parous 

Ranunculus  alismaefoUus 
"  micropetalus 

"  stenolobus 

Caltha  roiundifolia 

Aconiium  Bakeri 
**         insigne 

Restricted 
Ahpecurus  occidtntalis 
Poa  Uptocoma 
Carex  saxatUis 
Eriophorum  Scheucheri 

*•  Chamissonis 

X        "  alpinus 

Tofieldia  intermedia 
Juncus  Regelii 

nevadensis 
Ranunculus  alismellus 

•*  Suksdorfii 

HeUeri 
Caltha  Uptosepala 
Aconiium  ramosum 
X      "         ddphinifolium 
Cardamine  umbellaia 


Radicula  curvipes 

**         Underwoodii 
Epilobium  siramineum 
Ligusticum  Porteri 
Senecio  atratus 

lapathiJoUus 

to  the  Northern  Rockies 

Cardamine  acuminata 
Pamassia  palustris 
Kotzebue 
Comarum  palustre 
Argentina  subarctica 
XEpilobium  oregonense 
"  wyomingense 

**  latiusculum 

Pedicularis  contorta 
*'  ctenophora 

lunata 
Hallii 
Canbyi 
**  bracteosa 

**  cystopieridifolia 

Petasites  corymbosa 


2.  WiLUJW  b(k;s 
The  characteristic  vegetation   of   these  consists  of  shrubby 
species  of  Salix  and  Betula  glandulosa.     The  herbaceous   flora 
containn  mo¥»t  of  the  plants  of  the  scxlge  1>oks.     The  shrul>b  present 

are  the  following : 

Southern  Rcxkies 

Salix  Wolfii  Salix  pseudolapponum 

brachycarpa  *'      glaucops 
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SaUx  chlorophylla  Kalmia  microphylla 

Betula  glandulosa  Distegia  involucrata 

Phyllodoce  empetriformis 

Northern  Rockies 

Salix  Barkleyi  Ledum  glandtdosum 

*'     commutata  ^Azaliastrum  aibiflorum 

**      Tweedyi  Phyllodoce  glandtdiflora 
**     pseudomyrsinites  **         empetriformis 

"     chlorophylla  Andromeda  polifolia 

Alnus  sinuata  Vaccinium  uliginosum 

In  the  Canadian  Rockies  quite  a  number  of  subarctic  willows 
and  other  shrubs  are  added  to  this  flora.  These  species,  which 
are  listed  below,  grow  either  in  the  willow  bogs  proper  or  on  wet 
mountain  slopes. 

Salix  Hookeriana  SaUx  arbusculoides 
"     myrtillifolia  **     Seemannii 

**     alaxensis  **     desertorum 

**     BarreUiana  Ledum  groenlandicum 

"     Drummondiana  Vaccinium  VUis-Idaea 

*  3.  Sphagnum  bogs 

Sphagnum  bogs  are  exceedingly  rare  in  the  Southern  Rockies 
and  of  very  limited  extent.  The  phanerogamic  flora,  if  any,  is 
not  different  from  that  of  the  other  bogs.  In  the  northern  part 
of  the  Northern  Rockies,  especially  in  Canada,  they  are  more 
common.  Here,  as  well  as  in  the  northern  parts  of  Montana  and 
Idaho,  there  are  found  several  phanerogams  characteristic  of  the 
Hudsonian  Zone  of  the  northeast.  Among  these  may  be  men- 
tioned : 

Eriophorum  angusiifolium  Rubus  acaulis 
Chamissonis  "       arcticus 

''  alpinum  **       Chamaemorus 

Drosera  rotundifolia  Oxycoccus  palustris 

**       longifolia  Pinguicula  vulgaris 
Thalictrum  alpinum 
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4.  Brook  banks 
Many  of  the  brook  banks  are  lined  with  willows  and  Betula 
tlandidosa  or  with  sedges.  In  such  cases  the  flora  is  practically . 
the  same  as  that  of  the  willow  bogs  or  sedge  bogs.  In  the  sub- 
alpine  regions  of  the  Rockies,  we  find  also  another  brook  bank  flora, 
consisting  of  herbaceous  plants  which  are  neither  sedges  nor  grasses, 
and  which  are  rarely  found  in  the  bogs  proper.  Brook  banks  of 
this  type  are  found  mostly  where  the  slope  is  steep  and  the 
valley  narrow,  so  that  neither  swamps  nor  grasslands  could  exist. 
The  characteristic  plants  of  these  brook  banks  are  mostly  species 
of  Mertensia.  EpUobium  and  Juncoides,  and  where  it  is  drier  we 
find  Cirsium. 

Common  to  Southern  and  Northern  Rockies 

Poa  reflexa  EpUobium  stramineum 
Panicuiaria  nervata  '*  wyomingtnse 

Calamagrostis  canadensis  Mimulus  Langsdorfii 

Juncus  balticus  montanus  Mertensia  pratensis 
Juncoides  parviflorum  **         ciliata 

spicaium  **         viridula 

Delphinium  occidentale  Veronica  americana 

A  Isine  longifolia  A  mica  rhizomata 

**      borealis  Senecio  triangularis 
EpUobium  ovaium 

Restricted  to  the  Southern  Rockies 

Juncoides  subcapiUUum  CastiUeja  brunnescens 

Delphinium  Barbeyi  Cirsium  Parryi 

aUenuatum  **        scopulorum 

Oxypolis  Fendleri  *'        oreophilum 

Rebtricted  to  the  Northern  Rockies 
Poa  Upiocoma  **  stenoloba 

Juncoides  glabratum  Senecio  saliens 

XA  ntmone  Richardsonii  Cha maenerion  latijoli u m 

Jdertensia  paniculata 

In  the  more  open  plates  where  the  taller  herbs  have  not  crowded 
out  the  smaller  ones,  the  flora  consists  of  the  following  species: 
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Common  to  Southern 
Poa  alpina 
Car$x  bella 

'*      calciolepis 

'*     atrata 
Scirpus  pauciflorus 
Juncus  triglumis 
Juncoides  spicatum 
Alsine  baicalensis 

'*      laeta 
Alsinopsis  propinqua 
Sagina  saginodes 
Ranunculus  alpeophilus 


and  Northern  Rockies 
Ranunculus  EschschoUzii 
Saxifraga  cemua 

"  '      debiUs 
Chrysosplenium  tetrandum 
Micranthes  amoglossa 
Muscaria  delicatula 
Androsace  subumbellata 

"         filiformis 
CondrophyUa  -americana 
Pleurogyne  fontana 
Veronica  Wormskjoldii 


Restricted  to  the  Southern  Rockies 
Alsine  polygonoides  CondrophyUa  Fremontii 

Restricted  to  the  Northern  Rockies 


X Juncoides  arcticum 
X        '*         hyperboreum 
X        '*         arcuatum 
Neiocrene  parvifoUa 
Micranthes  Lyallii 

**  Brunnonianum 


Hemiera  ranunculifolia 
Epilobium  saximontanum 

*'         anagaUidifolium 

**         clavatum 
Romanzoffia  sitchensis 

'*  Leibergii 


5.  Lakes,  ponds  and  brooks 
The  purely  aquatic  flora  is  not  well  represented  in  the  Subalpme 
Zone.     It  contains  practically  the  same  species  as  are  in  the  Alpine 
Zone  with  few  additions  from  the  Montane  Zone.*    The  following 
species  belong  to  this  formation  : 

Common  to  the  Southern  and  Northern  Rockies 


Sparganum  minimum 

**  angustifolium 

Potamogeton  alpinus 
Catabrosa  aquatica 
Carex  aquaiilis 
Veronica  americana 


Utricularia  vulgaris 

"  minor 

Nymphaea  polysepala 
Hippuris  vulgaris 
Lemna  gibba 

m 

**       minor 


*  Compare  discussion  in  Bull.  Torrey  Club  41:  473,  474;  43:  630. 
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Restricted  to  the  Northern  Rockies 
Bairachium  confervoides  Lobelia  Dorlmanna 

Veronica  scuUUata 

D.    MISCELLANEOUS  FORMATIONS 

1.  ROCK-SUDES 

The  rock-slides  in  the  Subalpine  Zone^  resemble  those  in  the 
Alpine  Zone,  and  the  flora  is  practically  the  same  with  a  few 
aclditions,  as  shown  by  the  following  lists: 

Common  to  the  Southern  and  Northern  Rockies 
Selaginella  densa  Claytonia  megarrhiza 

Oxyria  digyna  Macronema  discoideum 

Restricted  to  the  Southern  Rockies 

Allium  Pikeanum  Polemonium  delicaium 

Aquikgia  saximonlana  Penistemon  Hallii 

TcUsonix  Jamesii  '*         Ilarbourii 

Hetuhera  Hallii  **         stenosepalus 

Ribts  moniigenum  Syntheris  plantaginea 

Viola  biflora  Machaeranthera  Patter soni 

Pseudopttryxia  anisata  Senecio  Holmei 

Primula  Parryi  **       Soldanella 

Polemonium  Grayanum  '  "       Harbourii 

**           speciosum  "       cathamoides 

**           confertum  Senecio  invenustus 
"           Brandegei 

Restricted  to  the  Northern  Rockies 
Ahine  americana  CoUomia  debilis 

TeUsonix  heucheriforme  Polemonium  viscosum 

Ribes  parvulum  Ilulsea  carnosa 

Pseudopteryxia  Ilendersonii  Senecio  Fremontii 

2.  Bare  cuffs 

The  flora  of  the  crevices  of  the  bare  cliffs  is  practically  the  siime 
as  that  pf  similar  habitats  in  the  alpine  region.  The  sfKH-ies  there 
have  already  been  listed  but  are  ajjain  enumeratt^l  Ix'low.f 

•Sf*  Bull.  Torrey  Club  41:  465.     1914. 
t  Set  Bull.  Torrey  Club  41:  4<^.     1914- 
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Common  to  the  Southern  and  Northern  Rockies 

Chondrosea  Aizoon  AntiphyUa  opposUifoHa 

Leptasea  austromontana  Oxyria  digyna 

Restricted  to  the  Southern  Rockies 

Anticlea  coloradensis  Polemonium  deUcatum 

AquUegia  saximantana  Edwinia  macrocalyx  (Utah) 

Polemonium  pulcherrimum  Senecio  petrocaUis 

3.  Talus 

In  many  places,  under  the  perpendicular  cliffs,  there  have  gath- 
ered rather  steep  slopes  of  talus.  Where  this  consists  of  larger  rocks, 
the  flora  is  the  same  as  that  of  the  rock-slides,  but  where  it  consists 
of  small  fragments  and  especially  where  there  is  a  certain  moisture, 
this  talus  has  been  taken  possession  of  by  certain  plants,  which 
can  be  regarded  as  forming  a  distinct  formation.  The  most 
common  of  these  plants  are: 

Common  to  the  Southern  and  Northern  Rockies 

Car  ex  Geyeri  Anemone  tetonensis 

Junctis  DrUmmondii  Epilobium  alpinum 

*'       Parryi  "         Hornemannii 

Alsine  laeta 

Restricted  to  the  Southern  Rockies 

Anticlea  coloradensis 

Restricted  to  the  Northern  Rockies 
Viola  flavovirens 

New  York  Botanical  Garden 


Digitized  by  VjOOQIC 


Fruit  bud  formation — a  criticism 

J.   H.   GOURLSY 

(WtTH  ONB  TKXT  riCUKB) 

Early  in  1915,  I  wrote  as  follows  in  Technical  Bulletin  No.  9, 
New  Hampshire  Experiment  Station: 

Writers  in  the  eMtem  United  Sutet  have  commonly  made  the  itatement  that 
fruit  boda  are  never  axiUary  in  the  apple  such  as  occurs  in  the  northwest,  yet  this 
method  of  producing  fruit  buds  in  the  east  is  not  uncommon.  It  has  been  obecrved 
by  the  writer  throughout  the  eastern  states  on  both  old  and  young  trees  and  with 
many  varieties.  Whether  it  has  any  significance  or  not.  it  might  be  noted  that  it  was 
Boce  common  in  the  plot  fertilised  with  an  excess  of  nitrogen  fertiliser  than  elsewhere 
In  the  orchard.  While  from  a  practical  standpoint  this  method  of  fruit-bud  pro* 
dnctioo  can  be  almost  ignored,  it  is  well  worthy  of  record. 

This  position  has  been  controverted  by  O.  Butler  in  the  BuU 
letin  of  the  Torrey  Botanical  Club  (44:  85-96.     191 7),  as  follows: 

A  fruU  branch  is  a  leader  in  which  the  terminal  and  azillary  buds  in  the  upper 
two  thirds  or  thereabouU  of  its  length  become  fiower  buds  during  the  srason  of  it« 
development  (Platbs  t.  ric.  a.  and  a).  The  flower  buds  borne  laterally  00  the  leader 
have  been  described  as  formed  azillarly  by  D*Albret  and  by  Gourley.  though  they  are 
in  reality  borne  terminally  00  almost  sessile  spurs  {laimbomrd4s).  A  close  study  during 
the  first  season  of  the  buds  from  which  the  supposed  axillary  clusters  arise  will  show 
that  at  the  close  of  vegetation  the  buds  are  subtended  by  a  rosette  of  leaves  and  are 
not  In  the  axil  of  a  single  leaf.  The  buds  are.  therefore,  terminal  on  srssUe  spurs  and 
not  axillary,  as  by  definition  an  axillary  bud  is  a  bud  borne  in  the  axil  of  a  leal. 
Forney  is  also  of  this  opinion  for  he  states  that  **  it  often  happens  that  the  eyr*  c>(  this 
season's  leader  become  transformed  at  once  into  spurs,  and  flower  perfectly  the 
following  jrear.**  In  the  apple  the  development  of  flower  buds  on  frutt  branches  is 
not  commonly  met  with  and  Is  said  to  (xrcur  only  in  very  fertile  trees,  or  trees  weakened 
by  transplantation  or  soil  exhaustion. 

I  have  recently  refctamined  material  in  our  orchartls  and  af^ain 
find  that  fruit  buds  are  formeil  as  true  axillary'  buds  in  abimdanct* 
on  many  trees  (see  fig.  i).  Occasionally  short  spurs  are  formed 
on  new  growth  as  I  think  horticulturists  were  aware,  but  in  no  such 
abundance  as  the  axil!ar>'  buds.  It  is  likely  that  Butler  mist(M>k 
the  points  of  attachment  of  the  larger  bud  scak^  for  leaf  scars  as 
they  resemble  them  w)mewhat  after  the  blossom  cluster  has  Int^n 
out  a  short  time.     I  am  IihI  to  suggest  this  explanation  as  the 

4:):) 
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plates  which  he  shows  are  illustrations  of  true  axillary  flower  buds 

and  not  spurs  as  indicated  in  his  text. 

Practically  the  same  statement  is  found  in  Technical  Bulletin 

No.   lo,  New  Hampshire  Experiment  Station,  by  Miss  C.  A. 

Black,  which  adds  to  the  importance  of 
having  the  matter  corrected.  In  the 
latter  article  the  author  states  that  "the 
few  scars  at  the  base  of  this  inflores- 
cence indicate  that  it  is  really  terminal 
and  not  axillary."  This  would  indicate 
that  proper  material  was  not  at  hand 
for  examination,  for  where  axillary  flower 
buds  are  formed  it  is  impossible  to  see 
more  than  the  one  large  Jeaf  scar  and 
there  is  no  possible  point  of  attachment 
for  other  leaves  to  be  found.  Her  state- 
ment that  ''such  buds  are  few  in  num- 
ber and  of  no  vigorous  growth*'  is  also 
an  error,  although  they  often  do  ''de- 
velop later  than  the  usual  terminal  flow- 
er buds."  A  wrong  interpretation  is 
furthermore  given  of  pL  33,  /.  2,  of  this 
bulletin.  I  wQuld  consider  this  figure  to 
represent  a  two-year-old  shoot  and  not  a 
three-year-old  one,  for  it  is  common  to 
find  a  shoot  develop  from  the  flower 
cluster  and  develop  as  shown  in  this 
figure.  In  fact  two  such  shoots  often 
are  found  on  the  spur  with  an  apple 
developing  also. 
In  observing  wild  species  of  Pyrus  and  Mains  at  the  Arnold 

Arboretum  I  have  found  the  following  list  to  form  fruit  buds  in  the 

axils  of  the  leaves  rather  profusely: 


Fig. 


I.     Axillary  flower  buds  on 
the  Wealthy  apple. 


Mains    putnila 

Schneid. 
M.  putnila  apetala  Schneid 
M,  baccata  Borkh. 
Jlf.  baccata  Jackii  Rehd. 


Niedzwetzkyana    M.  baccata  mandshurica  Schneid. 
M.  baccata  sanguinea  Hort. 
M,  baccata  aurantiaca  Hort. 
M,  Soulardi  Britt.  (M.  ioensis 
XM.  putnila) 
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M.     astrachanica     Dum.-Cours 

{M.  bacaUaXM.  pumila) 
M.  Sarieniii  Rehd. 
Xf.  prunifolia  Borkh. 
if.  prunifolia  Rinki  Rehd. 
M.  Mutm  Rehd. 
if.    micromalus    Makino 

bacaUa  X  M.  spectabiUs) 
J/.  Ikeifera  Rehd. 
if,    Sieboldii    Rehd.    calocarpa 

Rehd. 
if.  cerasifera  Spach  (M.  haccata 

XM.  pumila) 

This  would  indicate  a  tendency  for  original  species  to  flower 
as  above  described,  although  in  our  cultivated  varieties  of  Malus 
pumila  Mill,  the  spur  system  of  flowering  is  the  common  method 
and  the  axillary  formation  can  be  ignored  as  of  no  special  commer- 
cial importance.  It  is  of  some  interest  to  note  that  none  of  our 
American  species  of  Malus,  such  as  M,  coronaria,  M.  ioensis  and 
M.  augusH/oUa,  showed  axillary  flower  buds,  although  the  trees 
were  blooming  full.    Whether  this  is  always  true,  I  cannot  state. 

ACUCVLTV*KAL  ExnOUMSNT  STATION, 

OusHAM.  Nkw  Hamfibibb 


Af .  floribunda  Sieb. 

M.  Amoldiana  Rehd.  {M.  haccata 

XM.  floribunda) 
M.  SpectabiUs  Borkh. 
M.  Scheideckeri  Zabel  {M.  fioru 

bunda  X  prunifolia) 
(M.M.  HaUiana  Koehne 

Pyrus  ovoidea  Rehd. 
P.  phaeocarpa  Rehd. 
P.  belulaefolia  Bge. 
P.  Bretschneideri  Rehd. 
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INDEX  TO  AMERICAN  BOTANICAL  LITERATURE 
1914-1917 

The  aim  of  thk  Index  is  to  include  mil  current  boUnical  litermtnre  written  by 
Americmns,  published  in  America,  or  bated  upon  American  material ;  the  word  Amer- 
ica bring  used  in  the  broadest  sense. 

Reviews,  and  papers  that  relate  ezclnsirely  to  forestry,  agriculture,  horticulture, 
manufactured  ptnductt  of  vegetable  origin,  or  laboratory  methods  are  not  included,  and 
CM»  at  tempt  b  made  to  index  the  literature  of  bacteriology.  An  occasional  exception  is 
tsia«le  in  Csvor  of  some  paper  appearing  in  an  American  periodical  which  is  devoted 
«bi>ll3r  to  bouny.  Reprints  are  not  mentioned  unless  they  differ  from  the  original  in 
mnr  important  particular.  If  usrrs  of  the  Index  will  call  the  attention  of  the  editor 
iD  rrrors  or  omissions,  their  kindness  will  be  appreciated. 

Thif  Index  it  reprinted  monthly  on  cards,  and  furnished  in  this  form  to  snbscribers 
a!  the  rate  of  one  cent  for  each  card.  Selections  of  cards  are  not  permitted  ;  each 
•ttbtrriber  must  take  all  cards  published  during  the  term  of  his  subscription.  Corre- 
•fvjcxlmce  relating  to  the  card  issue  should  be  addressed  to  the  Treasurer  of  the  Torrey 
iWrfanicml  (,1nb. 
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Sf>iro:*yra.      Bot.  Caz.  63:  ^ofy^o^,  f,  /,  2.      16  My  1917. 
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CoviOe,  F.  V.     The  wild  bluchcrry  tamed.     The  new  industry  of  the 
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Am.  Forest.  23:  280-283.     My  1917.     [Illust.) 
Duggar,  B.  M.,  Seveiy,  J.  W.,  &  Schmttz,  H.     Studies  in  the  physiology 

of  the  fungi.     IV.     The  growth  of  certain  fungi  in  plant  decoctions. 
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FaUis,  A.  L.     Growth  in  some  Laminariaceae.     Puget  Sound  Marine 

Sta.  Publ.  i:  137-155.  pL  2^-28.     15  Ap  1916. 
Fawcett,  H.  S.    The  geographical  distribution  of  the  Citrus  diseases, 
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The  structure  and  development  of  the  plant  association* 

Henkt  Allan  Glbason 

Ecological  literature  has  recently  been  enriched  by  the  pub- 
lication of  an  exceedingly  important  book  (Clements,  3)  on  the 
structure  and  development  of  vegetation.  Not  only  does  the 
book  present  a  thorough  and  detailed  analysis  of  vegetation » 
based  on  the  researches  of  the  author,  but  it  also  reviews  the 
theories  and  summarizes  the  facts  from  a  vast  array  of  the  eco* 
logical  literature.  For  all  of  its  contents  the  working  ecologist  is 
grateful,  although  it  is  probable  that  some  of  the  more  radical 
kleas  of  the  author  may  be  accepted  reluctantly  and  that  others 
may  be  rejected  completely. 

Certain  features  of  the  monograph  can  scarcely  be  reconciled 
with  his  own  by  the  writer  of  the  present  article.  Since  thi« 
paper  does  not  pretend  to  be  either  a  critique  or  a  re\'iew,  the 
writer  will  not  attempt  to  discuss  his  objections  in  detail,  but  will 
merely  mention  what  these  features  are.  The  chief  one  of  them 
is  the  view  of  Clements,  first  expressed  in  1905  (2),  that  the  unit  of 
vegetation  (irrespective  of  its  scope  or  of  the  term  used  to  designate 
it)  is  an  organism.  Clements  has  also  so  enlarged  the  scope  of 
the  vegetational  unit  that  it  includes  in  his  monograph  not  only 
a  climax  but  also  all  the  successional  series  leading  to  the  climax. 
Thirdly,  as  a  direct  result  of  these  two  features,  he  has  portrayt^d 
the  phenomena  of  vegetation  as  exceedingly  complex,  requiring 

(The  BiXLrnjf  for  J^lerober  (44:  411-4^2)  wa*  {mumJ  Srptrmf)rT  is.  i^i;  I 
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the  introduction  of  several  new  terms  into  an  already  burdened 
terminology.  Lastly,  in  developing  his  analytical  scheme,  several 
apparent  exceptions  have  been  excluded  by  definition. 

Of  the  actual  existence  of  definite  units  of  vegetation  there  is 
no  doubt.  That  these  units  have  describable  structure,  that  they 
appear,  maintain  themselves,  and  eventually  disappear  are  ob- 
servable facts.  That  to  each  of  these  phenomena  a  definite  or 
an  apparent  cause  may  be  assigned  is  evidenced  by  almost  any 
piece  of  recent  ecological  literature.  But  the  great  mass  of  eco- 
logical facts  revealed  by  observation  and  experiment  may  be  classi- 
fied in  different  ways,  and  from  them  general  principles  may  be 
derived  which  differ  widely  in  their  meaning  or  even  in  their 
intelligibility. 

There  is  offered  in  the  following  pages  a  series  of  general  prin- 
ciples in  explanation  of  the  usual  phenomena  of  vegetation,  based 
chiefly  on  observations  of  the  writer  in  his  own  field  work.  Some 
of  these  appear  almost  axiomatic  in  nature,  and  none  can  be  sup- 
ported here  by  a  considerable  volume  of  illustration  because  of 
lack  of  space.  In  general,  they  are  synthetic  rather  than  ana- 
lytic in  nature,  and  have  been  arranged  to  follow  each  other  as 
nearly  as  possible  in  logical  order. 

I.    The  individualistic  •concept  of  ecology 

1.  The  life  of  an  individual  plant  is  maintained  and  trans- 
mitted to  its  progeny  by  a  complex  of  functions,  operating  by 
means  of  a  complex  of  structures.  Vegetation,  in  its  broader 
aspects,  is  composed  of  a  number  of  plant  individuals.  The 
development  and  maintenance  of  vegetation  is  therefore  merely 
the  resultant  of  the  development  and  maintenance  of  the  com- 
ponent individuals,  and  is  favored,  modified,  retarded,  or  inhibited 
by  all  causes  which  influence  the  component  plants. 

According  to  this  view,  the  phenomena  of  vegetation  depend 
completely  upon  the  phenomena  of  the  individual.  It  is  in  sharp 
contrast  with  the  view  of  Clements  that  the  unit  of  vegetation  is 
an  organism,  which  exhibits  a  series  of  functions  distinct  from 
those  of  the  individual  and  within  which  the  individual  plants 
play  a  part  as  subsidiary  to  the  whole  as  that  of  a  single  tracheid 
within  a  tree. 
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It  18  true  that  various  analogies  may  easily  be  drawn  between  a 
unit  of  vegetation  and  an  organism,  but  these  analogies  are  always 
more  apparent  than  real,  and  never  rise  to  the  rank  of  homologies. 
For  example,  it  is  obvious  that  an  association  may  appear  on  a 
new  area,  develop  to  maturity,  and  finally  disappear,  but  these 
phenomena  are  in  nowise  comparable  to  the  life  history  of  an 
individual.  A  spore  of  Rkitopus,  for  example,  given  the  proper 
environment,  will  grow  to  maturity  and  reproduce  without  the 
presence  of  any  other  living  organism.  The  first  pioneer  species 
of  an  association,  on  the  other  hand,  will  merely  reproduce  them- 
selves,  and  maturity  of  the  association  will  never  be  reached  unless 
its  other  species  are  also  present  in  a  neighboring  area.  Similar 
exceptions  may  be  taken  to  all  other  analogies  between  the  in- 
dividual and  the  association,  designed  to  demonstrate  the  organic 
entity  of  the  latter. 

2.  Certain  common  phenomena  of  the  plant  individual,  namely, 
migration  of  germules,  germination,  and  growth,  when  performed 
€n  masse  by  numerous  individuals,  may  produce  visible  effects 
which  are  worthy  of  special  study  and  which  demand  a  special 
terminobgy.  Among  these  effects  may  be  mentioned  the  structure 
of  the  plant  association  and  of  the  subsidiary  assemblages  of  plants 
within  it,  its  space  relation  to  neighboring  associations,  its  de- 
velopment, and  its  ultimate  disappearance. 

11.    The  environment 

3.  The  functions  of  the  individual  plant  demand  a  proper 
environment  for  their  o|xrration.  Any  effective  variation  in  the 
environment  causes  a  variation  in  the  performance  of  these 
functions,  and  many  environmental  changes  produce  also  a  vari- 
ation in  morphological  structure.  All  these  results  may  be  in- 
vestigated by  ex|)erimental  methods,  and  fall  properly  within  the 
domain  of  morphology  and  physiology. 

4*  A  fixed  environment  is  prol)ably  never  neccKsary  to  the  life 
of  any  individual  plant,  and  certainly  never  to  any  s|)ermatophyte. 
Each  individual  is  capable  of  existing  under  a  variety  of  environ- 
mental condition!) ;  as  a  simple  example,  the  annual  variation  in 
temperature  may  he  mentioned.  Also,  a  fixed  envin)nment  is  not 
necessary  to  the  life  of  all  the  individuals  of  one  ${XTies. 
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The  environment  of  a  plant  consists  of  the  resultant  of  all  the 
external  factors  acting  upon  it.  Therefore  individuals  of  the  same 
species  may  occupy  apparently  different  habitats  and  have  differ- 
ent associates  in  different  localities.  This  has  been  shown  by 
numerous  observers,  and  was  definitely  mentioned  by  Cowles  in 
his  classic  paper  of  1901  (4,  p.  83).  With  one  environmental  factor 
near  the  optimum,  others  may  apparently  be  near  the  minimum. 
Thus  the  tamarack,  which  in  southern  Michigan  is  confined  to 
peat  bogs,  in  Isle  Royale  occurs  even  in  crevices  in  vertical  rock 
cliffs. 

Restriction  of  a  certain  type  of  environment  to  one  portion  of 
the  range  of  a  species  may  produce  geographic  variation  in  its 
structure,  and  possibly  has  a  causative  relation  to  the  evolution 
of  species.  A  well-known  example  is  the  Douglas  fir,  with  its 
coastal  and  inland  forms. 

5.  To  state  the  matter  with  unnecessarily  great  refinement,  it 
is  probable  that  no  two  natural  habitats  have  identical  environ- 
ments, and  that  no  two  species  make  identical  environmental 
demands. 

III.    Migration  and  selection 

6.  For  continuous  existence,  every  species  has  some  form  of 
reproduction.  This  invariably  leads  to  the  establishment  of  a 
new  individual  at  some  distance  from  the  parent.  Whether  this 
distance  be  great  or  small,  its  passage  by  the  germule  constitutes 
migration. 

The  agents  of  migration,  the  devices  of  the  germules  which 
utilize  the  agent,  the  distance  over  which  migration  is  probable, 
and  other  phases  of  the  subject  have  all  been  frequently  discussed 
in  detail,  and  need  no  further  mention  here. 

7.  Migration  may  bring  the  germules  into  new  types  of  en- 
vironment, some  of  which  may  be  effectively  different  from  that 
of  the  parent  plant.  The  extent  of  this  effect  depends  upon  the 
environmental  diversity  of  the  region  and  upon  the  mobility  of 
the  plant.  For  plants  of  little  mobility,  or  for  more  mobile  plants 
in  a  large  area  of  essentially  uniform  environment,  migration  does 
not  normally  bring  the  germules  into  a  new  type  of  habitat.  In 
general,  also,  there  is  no  selective  feature  of  migration  by  which 
the  germule  is  regularly  carried  into  areas  of  favorable  environ- 
ment. 
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8.  Migration  into  an  area  comes  only  from  the  surrounding 
plant  population  within  reach  by  the  usual  migration  agents. 
The  more  mobile  inunigrants  may  therefore  be  drawn  from  a  com- 
paratively large  area*  while  the  inunobile  species  must  come  from 
cootiguous  areas.  The  relation  between  migration  and  proximity 
has  already  been  pointed  out  by  Clements  (x,  p.  60).  In  general,  for 
germules  of  equal  mobility,  it  seems  that  the  number  entering  any 
area  varies  inversely  as  the  square  of  the  distance  of  the  source. 
This  has  been  demonstrated  for  short  migrations  only.  It  is 
probable  that  beyond  a  distance  which  might  be  called  the  normal 
migration  limit  the  migration  of  germules  is  only  accidental.  The 
actual  population  from  which  the  immigrants  of  an  area  may  be 
drawn  is  therefore  a  limited  one  occupying  the  surrounding  region. 

Within  re^isonable  limits,  depending  upon  the  mobility  of  the 
species  concerned,  the  immigrants  of  neighboring  areas  are  similar, 
because  they  are  derived  from  the  same  surrounding  population. 
This  is  shown  clearly  in  forest  clearings,  detached  examples  of 
which  in  the  same  region  are  immediately  invaded  and  occupied 
by  the  same  species.  Conversely,  the  immigrants  of  widely  sepa- 
rated  regions  are  more  or  less  dissimilar,  even  though  their  environ- 
ments may  be  essentially  alike. 

9.  Of  all  the  immigrants  into  any  area,  only  those  may  establish 
themselves  which  find  in  it  environmental  conditions  within  the 
limit  of  their  own  environmental  demands.  The  actual  mature 
immigrant  population  of  an  area  is  therefore  controlled  by  two 
sets  of  factors:  the  nature  of  the  surrounding  population,  deter- 
mining the  species  of  immigrants  as  explained  in  the  preceding 
paragraph,  and  the  environment,  selecting  the  adapted  species. 

The  difficulty  of  demonstrating  the  extent  of  migration  and 
the  species  involved  is  at  once  apparent,  since  the  migrating 
germules  are  almost  always  minute  and  difficult  of  detection 
among  the  native  vegetation.  Occasionally  the  interruption  or 
modification  of  environmental  selection  permits  the  ecesis  of 
unusually  large  numt^ers  of  individuals  of  a  species  which  would 
otherwise  have  been  excluded,  and  affords  accordingly  an  idea  of 
the  great  number  of  unsuccessful  immigrating  germules.  Illus- 
trations of  this  are  commonly  observed  and  only  a  single  example 
need  be  cited.     In  the  sand-dune  region  of  Illinois,  the  single 
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passage  of  a  wagon  across  the  sand  may  bury  to  a  proper  depth 
for  germination  thousands  of  seeds  of  Cassia  Chamaecrista,  so 
that  the  course  of  the  wagon  is  marked  during  the  following 
summer  by  parallel  lines  of  the  plants.  Obviously,  migration 
has  been  general  over  the  whole  area,  but  environment  has 
prevented  ecesis  except  in  this  particular  path. 

10.  The  germules  of  the  native  species  of  any  area  are  subject 
to  the  same  environmental  selection  as  those  of  the  immigrants. 
But,  since  progeny  generally  closely  resembles  parent  in  structure 
and  function,  and  accordingly  in  environmental  demands,  suc- 
cessive generations  of  native  species  and  of  successful  immigrants 
may  occupy  an  area  continuously,  unless  the  environment  changes 
beyond  the  limits  of  the  sj)ecies,  or  the  sj)ecies  vary  into  forms  with 
new  environmental  demands. 

11.  In  general,  and  for  the  average  area,  opportunities  for 
immigration  have  existed  for  so  long  a  time  that  a  complete 
selection  from  the  surrounding  population  has  been  made.  Such 
areas,  therefore,  show  no  changes  in  their  population  from  year 
to  year  until  the  environment  or  the  surrounding  population 
becomes  changed.  The  effects  of  such  changes  are  discussed  in 
part  VII  of  this  paper.  When  they  occur,  the  resulting  change  in 
the  component  species  is  at  once  evident,  since  migration  has  con- 
tinually supplied  the  area  with  the  germules  of  hitherto  unsuccess- 
ful species. 

IV.    The  association,  its  size  and  boundaries 

12.  Whether  the  population  is  immigrant  or  native,  it  is 
always  subject  to  the  selective  action  of  the  environment.  In 
the  same  limited  region,  that  is,  with  the  same  surrounding  popu- 
lation, areas  of  similar  environment,  whether  continuous  or  de- 
tached, are  therefore  occupied  by  similar  assemblages  of  species. 
Such  an  assemblage  is  called  a  plant  association. 

The  term  to  be  applied  to  such  an  assemblage,  whether  associ- 
ation, formation,  or  something  else,  and  the  method  of  character- 
izing and  distinguishing  one*  from  another,  are  still  matters  of 
discussion.  The  writer  believes  that  the  term  association  is  the 
best  designation,  and  that  this  term  has  been  applied  by  a  majority 
of  ecological  authors  to  just  such  assemblages  as  those  defined 
above. 
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13.  One  of  the  most  important  features  of  the  enviromnent  is 
the  control  or  modification  of  the  original  physical  factors  by  the 
plant  population  itself.  This  action  of  plant  life  has  been  discussed 
repeatedly  and  requires  no  further  argument  here.  As  simple 
examples  only,  there  may  be  mentioned  the  reduction  of  the  light 
for  the  smaller  plants  by  the  crowns  of  the  larger  ones,  and  the 
modification  of  soil  by  the  addition  of  organic  substance.  This 
amtrol  is  in  general  directly  proportional  to  the  density  of.  the 
plant  population.  In  areas  whose  physical  environment  is  gener- 
ally genial  and  favorable  to  the  development  of  numerous  indi- 
viduals, the  resulting  dense  vegetation  controls  to  a  large  degree 
the  original  physical  factors,  and  this  environmental  control  is  of 
greater  importance  than  those  in  the  selection  of  the  plant  popu- 
lation. 

It  is  at  once  obvious  that,  as  a  result  of  environmental  control, 
the  associated  species  of  even  the  most  limited  area  do  not  always 
enjoy  the  same  environment.  Thus  the  relations  of  a  mature 
fon-st  tree  to  light,  wind,  and  soil  are  very  different  from  those 
of  the  shallow-rooted,  shade-loving,  secondary  species  beneath  it. 

The  physical  factors  of  the  environment  generally  vary  gradu- 
ally in  space.  Exceptions  to  this  condition  may  easily  be  found 
in  the  soil  factor,  where  sharp  variations  frequently  occur,  such 
as  the  contact  of  sand  with  clay  at  the  foot  of  an  advancing  dune, 
or  lew  obviously  in  the  water  factor,  as  on  the  rocky  shore  of  a 
lake.  Such  gradual  and  progressive  variation  of  environment 
would  normally  lead  to  equally  gradual  and  progressive  changes 
in  the  vegetation  and  to  the  establishment  of  broad  transition 
zones  between  adjacent  associations,  in  which  the  species  of  both 
mingle.  In  most  regions  of  extreme  physical  environment,  occu- 
pied by  sparse  vegetation  exerting  little  environmental  control, 
this  condition  holds,  and  the  transition  from  one  association  to 
another  is  just  as  gradual  as  the  change  of  environment.* 

In  regions  of  genial  environment  aqd  dense  vegetation,  on  the 
other  hand,  the  nature  of  the  environmental  control  of  two  ad- 

*  Tbif  coodition  baa  in  fact  led  •ome  »tuf)rnt»  to  compUin  that  it  wa«  diflficuU 
or  liapoadMff  to  diatiiiguUh  AMOcmtioni  in  the  vrgrtation  of  the  wr«trra  •li.trs. 
TUs  woaki  be  a  wmd  tCatc  oi  affairt  if  all  vegetation  «ere  c(iniTK>«ed  oi  dc  finite  orKanir 
f  titUa,  but  U  quite  to  be  ex(>e<ted  v^hrn  vrgrtation  d*  {>*  n<N  tj(>«  n  cn\  irt>nintr.tal 
•rierttofi  ei  favored  Individ  uaU. 
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jacent  associations  may  be,  and  usually  is,  very  different.  Species 
of  one  association  are  then  excluded  from  the  margin  of  the  other 
by  environmental  control,  when  the  nature  of  the  physical  factors 
alone  would  permit  their  unmigration.  The  adjacent  associations 
therefore  meet  with  a  narrow  transition  zone,  even  though  the 
variation  in  physical  environment  from  one  to  the  other  is  gradual. 
In  such  regions  of  great  environmental  control,  the  boundary 
between  two  associations  seldom  marks  the  extreme  location  of 
suitable  physical  environment  for  either,  but  rather  some  inter- 
mediate position  (see  also  paragraph  25).  The  removal  of  either 
association  at  one  portion  of  the  boundary  results  accordingly  in 
an  immediate  extension  of  the  other.  This  may  be  seen  around 
many  small  lakes  in  Michigan,  where  a  zone  of  sedge  is  followed 
in  deeper  water  by  a  zone  of  water  lilies.  Destruction  of  the 
sedge  zone  in  tfie  shallower  water  is  followed  by  the  extension 
of  the  lily  zone  almost  or  quite  to  the  shore  line.  The  normal 
landward  margin  of  the  water  lily  association  is  therefore  deter- 
mined not  by  depth  of  water  alone,  which  represents  the  chief 
physical  environmental  variant,  but  also  by  the  environmental 
control  of  the  sedge  association. 

14.  Instances  may  be  cited  where  the  sole  environmental  dif- 
ference between  two  adjacent  associations  lies  in  the  environ- 
mental control.  This  is  notably  the  case  with  some  types  of 
prairie  and  upland  forest  in  the  Middle  West.  The  differentiation 
of  two  distinct  associations  in  the  same  environment  is  then  to  be 
explained  chiefly,  if  not  entirely,  by  developmental  conditions,  as 
discussed  below  under  Succession. 

15.  The  line  which  marks  the  boundary  of  the  distribution  of 
a  species  is  located  at  right  angles  to  the  direction  of  the  effective 
environmental  variant.  Consequently  the  boundary  of  the  whole 
assemblage  of  species  constituting  the  plant  association  has  the 
same  position,  whether  the  variant  be  purely  physical  or  biotic. 
Since  physical  factors  generally  vary  irregularly  from  place  to 
place,  the  boundary  and  shape  of  an  association  are  also  usually 
irregular. 

Symmetry  or  regularity  in  the  variation  of  an  important  envi- 
ronmental factor  may  however  occur.  The  most  conspicuous 
example  is  the  variation  in  depth  of  water  or  in  amount  of  soil 
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water  near  the  shore  of  a  pond.  In  such  cases,  regularity  in  the 
environment  produces  a  similar  regularity  in  the  arrangement  of 
the  associations.  When  this  is  conspicuous  enough  to  attract  the 
attention  of  the  observer  it  is  termed  zonation. 

Zonation  of  associations  is  the  exception  rather  than  the  rule 
and  has  no  more  significance  than  the  usual  irregular  arrangement. 
Between  the  two  types  there  are  naturally  intermediate  stages. 
Also,  irregularity  in  other  conditions  affecting  the  differentiation 
of  associations  may  operate  to  disturb  their  zonation.  This  has 
been  frequently  described  or  figured  (see  Harshberger,  8,  p.  382, 
383)  by  investigators,  generally  without  a  statement  of  the  cause. 

16.  The  area  occupied  by  an  association  may  be  large  or  small, 
depending  on  the  size  of  the  are^  available  without  effective  en- 
vironmental variation.  Zoned  associations  about  a  pond  fre- 
quently have  dimensions  conveniently  expressed  by  meters  (see 
Gates,  5,  p.  329),  while  some  forest  associations  are  better  measured 
by  the  kilometer.  The  smaller  associations  are  usually  composed 
of  fewer  species,  and  are  generally  of  shorter  duration  than  the 
larger  ones.  They  are  the  product  of  the  same  kind  of  causes, 
however,  and  are  no  less  important  in  the  ecological  study  of 
vegetation. 

Since  associations  often  tend  to  extend  their  area  at  the  expense 
of  others,  as  discussed  below  (part  VII),  the  ol>scrved  size  of  an 
association  is  correlated  with  its  developmental  hi8tor>',  and  must 
always  be  considered  from  that  standpoint. 

Y.    The  mrlxtlre  of  the  association 

17.  The  general  tendency  of  the  population  of  an  association 
to  migration  tends  to  produce  uniform  distribution  of  each  species 
within  it,  and  conse<]uently  uniformity  of  the  association  as  a 
whole.  This  uniformity  is  one  of  the  most  characteristic  visible 
features  of  the  asMKiation,  and  has  by  some  l>een  taken  as  the 
basis  for  a  definition  of  it  (6,  p.  36).  It  is  easily  demonstrable  in 
the  small  associations  and  in  large  ones  becomes  very  impretituve. 
The  chief  v^lue  of  the  quadrat  method  of  expressing  the  structure 
of  vegetation  depemls  upon  this  feature,  since  a  small  area  can  be 
chosen  for  intensive  study  which  exhibits  faithfully  the  average 
structure  of  the  whole  association. 
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Since  migration  requires  time,  uniformity  of  any  species  is  an 
expression  (to  be  considered  in  comparison  with  its  mobility)  of 
the  length  of  time  it  has  been  in  the  association,  and  general  uni- 
formity of  an  association  is  regularly  correlated  with  its  age.  As 
illustration,  the  uniformity  of  a  forest  may  be  compared  with  the 
lack  of  uniformity  in  the  clearing  association  which  develops  soon 
after  lumbering. 

1 8.  Excessive  seed  production  is  almost  universal  among  plants, 
and  leads  to  a  great  competition  for  the  environment.  The 
number  of  individuals  of  a  species  is  therefore  an  expression  of  the 
degree  of  its  adaptation  to  the  environment.  In  the  rapid  de- 
velopment of  an  association  over  a  considerable  area  of  ground, 
as  a  forest  clearing,  the  most  mobile  species  is  naturally  represented 
at  first  by  the  greatest  number  of  individuals,  irrespective  of  its 
adaptation,  but  as  soon  as  the  ground  is  occupied  competition 
restricts  it  to  its  proper  proportion. 

19.  Within  an  association,  minor  variations  in  environment 
may  affect  certain  susceptible  specie^  and  not  others,  and  as  a 
result  produce  minor  deviations  from  the  usual  uniformity.  For 
example,  in  an  area  of  woodland  in  central  Illinois,  of  otherwise 
uniform  structure,  a  shallow  valley  is  occupied  every  spring  by 
large  numbers  of  Floerkea  proserpinacoides.  In  this  case  the 
controlling  feature  seems  to  be  the  greater  amount  of  water  in  the 
surface  soil  during  the  spring  months.  For  other  plants  at  the 
same  season,  and  for  all  plants  during  the  summer  and  autumn, 
this  feature  seems  to  be  without  effect. 

Recent  introduction  or  slow  migration  of  a  species  may  also 
produce  colonies  which  interrupt  the  general  uniformity.  An 
instance  of  the  former  case  has  been  described  (7,  p.  520,  521)  in  the 
migration  of  introduced  species  into  the  aspen  association  of 
northern  Michigan.  Colonies  of  the  second  type  are  generally 
caused  by  the  vegetative  reproduction  of  the  species,  and  the 
resulting  compact  groups  of  individuals  have  been  termed  families 
by  Clements  (2,  p.  203). 

Among  the  larger,  longer-lived,  dominant  species,  accidents  of 
immigration,  such  as  proximity  or  a  good  seed  year  for  one  species, 
may  cause  the  development  of  minor  groups  within  the  associ- 
ation, characterized  by  a  few  or  only  one  of  its  usual  dominants. 
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To  such  groups  Clements  has  applied  the  term  consocies.  Since 
the  individuals  of  these  groups  occupy  the  ground  closely  from  the 
beginning,  they  may  exclude  completely  the  development  of  the 
other  dominants  of  the  association  until  they  finally  die  of  old 
age,  when  contemporaneous  conditions  will  again  decide  what 
species  occupy  their  places.  Since  dominant  species  of  the  same 
vegetative  form  have  in  general  similar  powers  of  environmental, 
amtrol,  the  secondary  species  beneath  a  consocies  are  essentially 
similar  to  those  elsewhere  in  the  association.  For  the  same 
reason,  the  development  of  minor  structural  units  among  the 
secondaries  has  little  or  no  relation  to  the  composition  of  the 
dominants. 

Only  rigid  experiment  and  careful  observation  will  refer  lack 
of  uniformity  accurately  to  one  or  another  of  the  causes  suggested 
here. 

VI.    Scope  of  the  association 

20.  Because  of  differences  in  the  surrounding  plant  population, 
from  which  the  inhabitants  of  an  area  are  drawn;  because  of  acci- 
dents of  migration  and  the  time  available  for  it;  and  because  of 
environmental  differences,  no  two  areas  need  have  identical  popu- 
lations, measured  by  component  species  and  the  relative  humber 
of  individuals  of  each.  This  is  demonstrable  even  for  areas 
within  a  restricted  region,  and  is  especially  obvious  in  a  comparison 
of  two  areas  widely  se|)arated.  For  example,  no  two  areas  of  the 
t)eech-maple  association  near  the  Biological  Station  of  the  Uni- 
versity of  Michigan  show  the  same  vegetational  composition,  and 
much  greater  differences  are  found  when  those  are  compared  with 
the  t>eech-maple  forests  of  southern  Michigan,  500  km.  away. 
Still  the  beech-maple  forest  has  always  been  interpreted  as  a 
single  association  of  wide  extent. 

Whether  any  two  areas,  either  contiguous  or  separated,  repre- 
sent the  same  plant  association,  detached  examples  of  the  same 
cme,  consocies,  or  different  associations,  and  how  much  variation 
of  structure  may  be  allowed  within  an  association  without  affecting 
its  identity,  are  both  purely  academic  questions,  since  the  asso- 
ciation represents  merely  the  coincidence  of  certain  plant  indivi- 
duals and  is  not  an  organic  entity  of  itst»lf.  While  the  similarity 
of  x-egetation  in  two  detached  areas  may  be  striking,  it  is  only  an 
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expression  of  similar  environmental  conditions  and  similar  sur* 
rounding  plant  population.  If  they  are  for  convenience  described 
under  the  same  name,  this  treatment  is  in  no  wise  comparable  to 
the  inclusion  of  several  plant  individuals  in  one  species. 

VII.    Succession 

21.  Any  change  in  the  association,  from  any  cause  whatever, 
either  in  the  component  species  or  in  their  relative  numbers  of 
individuals,  marks  a  step  in  the  development  of  vegetation.  If 
this  change  eventually  becomes  so  great  as  to  involve  the  re- 
placement of  the  original  association  by  a  different  one,  the  process 
is  known  as  succession. 

Under  this  definition,  the  inclusion  of  any  developmental  phe- 
nomenon under  the  term  succession  depends  entirely  upon  the 
concept  of  the  association  held  by  the  investigator.  According 
to  general  custom,  the  association  is  defined  broadly  enough  to 
f>ermit  considerable  variation  in  its  structure.  Any  structural 
changes  within  this  limit  may  be  referred  to  minor  or  periodic 
environmental  changes  or  to  the  immigration  of  relatively  unim- 
portant species,  and  are  not  considered  as  succession. 

Just  as  there  is  a  transition  zone  in  space  between  two  con- 
tiguous associations,  where  the  species  of  both  mingle,  so  is  there 
also  a  transition  period  between  the  disappearance  of  the  original 
association  and  the  complete  establishment  of  the  new  one,  during 
which  relic  species  of  the  former  and  pioneer  species  of  the  latter 
exist  side  by  side.  Causes  similar  to  those  which  decide  the  width 
of  the  transition  zone  also  determine  the  duration  of  the  transition 
period.  This  will  be  relatively  long  between  associations  of 
similar  or  slight  environmental  control  and  in  cases  of  gradual 
environmental  change,  and  relatively  short  between  associations 
of  different  or  great  environmental  control  and  in  cases  of  rapid 
environmental  change. 

22.  Arrival  within  migration  distance  of  a  new  population 
with  similar  environmental  demands  (or  overlapping  ranges  of 
demands)  results  in  fresh  immigration  and  a  consequent  change 
in  the  population  of  an  association.  This  immigration  is  limited 
to  those  members  of  the  new  population  which  are  adjusted  to  the 
environmental  control  of  the  original  association.     If  these  im- 
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migrants  are  adapted  to  the  new  control  in  a  manner  similar  to  the 
original  secondary  species,  they  behave  as  secondaries  also,  and 
henceforth  constitute  what  has  been  called  the  derived  element  of 
the  population.  A  noteworthy  illustration  is  found  in  the  prairies 
of  the  Middle  West,  which  invariably  contain  a  number  of  typically 
forest  species,  such  as  Geranium  maculatum  and  Phlox  pilosa. 

But  if  the  immigrants  are  adapted  to  the  original  control  as 
seedlings  and  exert  a  different  sort  of  control  at  maturity,  they 
may  themselves  become  dominant.  Their  establishment  then 
results  in  the  selection  of  new  secondary  species,  as  already  dis- 
cussed (paragraph  9),  and  the  completion  of  the  succession.  This 
process  is  illustrated  in  the  re^tablishment  of  forests  on  the  cut- 
over  lands  of  northern  Michigan,  where  the  seedling  hardwoods 
appear  as  secondary  species  beneath  the  dominant  aspens.  Ap- 
proaching maturity,  they  control  the  light  and  soil  factors  of  the 
environment  to  the  ultimate  exclusion  of  the  aspens. 

Successions  of  this  sort,  initiated  without  environmental 
change,  whether  partial  or  complete,  operate  over  the  entire  area 
involved,  but  will  normally  be  most  immediately  effective  near 
the  margin,  because  of  proximity  to  the  source  of  immigration. 

23.  The  common  cause  of  succession  is  an  effective  change  in 
the  environment.  This  may  consist  of  a  change  in  the  physical 
factors  due  to  inorganic  agents,  to  reaction  of  the  plant  upon  its 
environment,  due  to  the  cumulative  effect  of  environmental 
control,  or  to  a  combination  of  the  two. 

An  effective  change  of  environment  beyond  the  range  of  demand 
of  any  individual  (or  species)  causes  its  death  (or  extinction). 
Such  effective  changes  are  usually  slow  in  development.  In 
average  cases,  extinction  of  a  species  in  an  association  means  death 
of  established  plants  merely  by  old  age  and  an  increasing  death 
rate  by  competition  among  the  seedlings.  Violent  changes,  as  in 
the  rapid  erosion  of  river  banks  or  the  movement  of  shifting  dunes, 
may  actually  kill  mature  plants,  but  these  are  comparatively  rare. 
Death  of  any  plant  removes  its  environmental  control  and  may 
consequently  lead  to  the  death  of  other  plants  which  have  de- 
pended upon  it. 

Simultaneously  with  the  death  of  the  old  population,  the 
changed  environment  selects  a  difTerent  new  population  from  the 
immigrants,  and  a  new  asMniation  apptMrs. 
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In  regions  of  sparse  vegetation,  succession  is  usually  due  to 
changes  in  the  physical  environment.  In  regions  of  dense  popu- 
lation, the  same  causes  are  still  active,  but  reaction  is  usually  more 
rapid  and  more  effective.  Physical  changes  may  be  retarded  by 
control  or  reaction,  as  in  the  reduction  of  run-off  and  erosion  by  a 
forest  cover,  or  hastened,  as  in  the  weathering  of  a  rock  cliff.  The 
effect  of  slow  physical  change  may  also  be  neutralized  for  a  time 
by  the  stability  and  completeness  of  the  more  important  environ- 
mental control.  Thus  certain  sand  hills  in  Illinois  are  continually 
losing  a  little  sand  by  wind  action,  but  this  is  sufficiently  con- 
trolled by  the  bunch-grass  association  and  no  succession  occurs. 

In  successions  due  to  either  sort  of  environmental  change,  the 
most  mobile  species  of  the  invading  association  normally  arrive 
first  and  constitute  the  pioneers.  The  first  species  to  disappear 
are  those  most  intimately  dependent  upon  proper  control  or  most 
narrowly  adjusted  to  the  environment.  In  the  climate  of  the 
Middle  West,  these  are  usually  the  secondary  species.  Both  for 
the  reason  just  mentioned  and  because  of  their  usually  longer  life, 
the  relic  species  are  more  frequently  selected  from  the  original 
dominants. 

24.  A  continued  and  progressive  change  in  one  factor  or  in  a 
group  of  factors  results  in  a  series  of  successive  associations,  which 
follow  each  other  on  the  same  area  of  ground.  Familiar  examples 
are  the  decrease  in  water  in  the  filling  of  a  pond,  and  the  simul- 
taneous increase  in  humus  and  decrease  in  light  in  the  development 
of  a  forest. 

In  any  region,  similar  environmental  processes  are  usually 
operative  in  many  stations,  and  since  the  associations  of  such  suc- 
cessional  series  must  be  selected  from  the  same  surrounding  popu- 
lation, the  successive  stages  of  the  series  in  all  stations  are  essen- 
tially similar  also.  Uniformity  of  successional  series  may  therefore 
be  expected  only  within  regions  of  similar  population  and  upon 
areas  of  similar  environmental  change.  Thus  the  stages  accom- 
panying the  filling  of  a  pond  by  peat  formation  are  not  the  same 
in  northern  and  southern  Michigan,  notwithstanding  the  similarity 
in  process,  because  of  the  difference  in  surrounding  population; 
and  in  either  region  the  filling  of  ponds  by  peat  and  by  wind- 
blown sand  is  accompanied  by  different  successional  series  because 
of  the  difference  in  process. 
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The  same  environmental  processes  may  not  continue  in 
operation  long  enough  to  effect  the  completion  of  the  series.  Thus 
a  lagoon  in  northern  Michigan,  isolated  from  a  lake  by  a  sand-bar, 
begins  its  process  of  extinction  by  filh'ng  with  wind-blown  sand. 
For  some  time  this  process  of  topographic  filling  is  more  important 
than  the  deposition  of  organic  material,  and  a  series  of  associations 
representing  a  sandy  marsh  is  developed.  Later,  the  establish- 
of  shore  thickets  on  the  sand-bar  between  the  lagoon  and  the  lake 
excludes  the  sand.  Further  filling  of  the  pond  then  depends 
upon  organic  deposits,  and  with  the  accumulation  of  peat  the 
associations  of  a  peat  bog  gradually  replace  those  of  the  sandy 
marsh. 

Another  cause  of  variation  in  successional  'series  is  found  in 
the  accidents  of  immigration,  which  may  lead  to  the  establishment 
of  several  consocies  even  in  the  same  environment.  With  all  these 
opportunities  fo*-  deviation  from  a  simple  scries,  it  is  easy  to  under- 
stand why  carefully  constructed  successional  diagrams  are  some- 
times so  complex  (Gates,  S»  Pl-  39»  Semander,  9). 

25.  The  duration  of  an  association  is  merely  an  expression  of  the 
rate  of  environmental  change,  irrespective  of  its  cause.  Associ- 
ations of  dense  vegetation  normally  hold  their  place  far  t)eyond  the 
period  of  optimum  environment,  because  of  environmental 
control,  competition,  and  difficulties  of  immigration,  finally  yielding 
only  when  the  environment  is  approaching  the  optimum  of  the 
succeeding  association.  This  condition  was  clearly  recognized 
by  Cowles  (4.  p.  70),  who  termed  it  **a  lagging  of  effects  behind 
their  cumulative  causi»s.'* 

Stabili^  of  an  association,  whether  for  a  long  period  or  a  short 
one,  is  due  to  cessation  of  envimnmental  change,  or  to  the  greater 
effect  of  environmental  txmtrol. 

26.  The  location  of  the  initiation  of  topographic  changes  is 
theoretically  indepi^ndent  of  position  within  the  association. 
Practically,  however,  it  is  almost  always  at  the  margin  and  of 
such  a  nature  as  to  produce  the  environment  of  the  neighlmring 
association.  Succession  is  aoa)rdingly  usually  lH'twi»t*n  adjacent 
associations.  Pn>gressive  changt*s  of  environment  due  to  physical 
causes  are  fnniuently  unilateral,  an  environmental  tyf)e  appearing 
on  one  side  of  an  area,  advancing  acr(»ss  it,  and  dis«ippearing  on 
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the  other.  The  accompanying  associations  therefore  lose  ground 
on  one  side  as  they  gain  it  on  the  other,  and  when  the  rate  of  gain 
and  loss  are  about  equal  the  association  as  a  whole  may  seem  to 
change  its  position.  Such  progressive  changes  are  usually  cor- 
related with  a  regular  or  symmetrical  distribution  of  environment, 
so  that  zonation  becomes  an  epitome  of  succession.  Then  the 
transition  zone  indicates  the  location  of  succession  and  endures 
in  the  same  position  merely  for  the  transition  period. 

Succession  by  reaction  begins  wherever  and  whenever  effective 
reaction  is  completed.  This  is  normally  in  the  oldest  part  of  the 
association,  the  location  of  which  may  be  either  central  or  lateral, 
depending  upon  the  circumstances  of  its  origin.  In  either  case 
the  result  is  the  same.  Proximity,  governing  the  opportunity  of 
immigration,  limits  the  pioneer  species  in  central  succession  to 
the  most  mobile  forms.  Thus,  in  the  central  succession  of  the 
black  oak  association  by  the  mixed  forest  in  Illinois,  the  most 
conspicuous  pioneer  species  is  the  permobile  avevectent  Psedera 
quinquefolia  (6,  p.  136). 

The  reaction  of  an  association  may  also  extend  beyond  its 
actual  margin  and  produce  an  effect  upon  the  margin  of  the  con- 
tiguous association.  If  this  weakens  the  environmental  control 
in  the  latter,  an  advance  of  the  former  association  takes  place. 
This  is  the  case  in  the  advance  of  upland  forest  on  the  prairies  of 
the  Middle  West.  Since  the  sod-forming  grasses  grow  less  vigor- 
ously in  the  partial  shade  of  the  forest  margin,  the  sod  there  is  less 
dense  and  seedlings  of  forest  species  can  establish  themselves- 
The  average  rate  of  advance  under  these  conditions  was  estimated 
by  the  late  Professor  Burrill  at  fourteen  feet  per  year. 

27.  Some  associations  make  no  unfavorable  reaction  on  their 
environment,  live  under  conditions  not  subject  to  effective  change 
by  the  usual  topographic  agencies  of  the  region,  and  are  not  near 
a  different  type  of  vegetation  better  adapted  to  the  same  environ- 
ment. In  the  absence  of  all  causes  of  succession,  such  associations 
occupy  the  area  permanently  and  are  called  climax.  Theoretic- 
ally, all  associations  of  a  region  tend  to  culminate  in  the  establish- 
ment of  a  climax.  Many  associations,  however,  occupy  their 
ground  so  tenaciously  that  there  is  little  or  no  observable  evidence 
that  they  are  ever  replaced  by  the  association  ordinarily  considered 
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to  be  the  climax  of  that  region.  Such  is  the  case  with  the  oak- 
hickory  forests  of  the  gravel  hills  of  southern  Michigan.  Even  if 
the  cumulative  effect  of  exceedingly  slow  physiographic  and  biotic 
pn)res.ses  should  accomplish  this  result  and  lead  to  their  succession 
by  the  beech-maple  forests,  the  same  fate  is  not  necessarily  in 
^tore  for  similar  forests  of  western  Iowa,  where  neither  l>eech  nor 
maple  occur.  It  is  always  possible,  also,  that  the  future  may 
bring  an  effective  change  of  environment,  no  indication  of  which 
IS  at  prei*ent  visible.  A  slight  change  of  rainfall,  for  example, 
might  lead  to  the  extension  of  the  pine  forests  of  the  Rocky  Moun- 
tains over  the  high  plains  of  eastern  Colorado.  The  use  of  the 
term  climax  is  accordingly  largely  a  matter  of  convenience,  and 
it  will  l)e  applied  broadly  or  narrowly,  depending  on  the  viewpoint 
of  the  ecologist. 

Since  physiographic  processes  tend  toward  stability,  succes- 
sional  series  tend  also  toward  the  establishment  of  associations  of 
greater  duration  and  the  ultimate  appearance  of  a  climax.  In 
some  cases,  as  the  succession  of  forest  by  prairie,  this  involves  a 
process  which  is  not  usual  for  our  climate,  or  not  commonly  ob- 
served, and  which  has  been  termed  regressive  or  retrogressive. 
In  other  cases  also,  an  actual  reversal  of  the  ordinary  direction  of 
succession  may  be  seen,  as  in  the  establishment  of  a  pond  UfX)n  a 
sand  dune  (6,  p.  111-116).  Clements  denies  the  existence  of 
re\'er»ed  successions,  and  attempts  to  exclude  described  cases  by 
definition  {3,  p.  145,  146).  Measured  by  the  l)ehavior  of  and 
effects  upon  individual  plants,  however,  the  proct*sses  are  precisely 
the  same  as  in  the  usual  types  of  succession:  a  change  of  environ- 
ment, the  gradual  death  of  the  original  flora,  and  the  gradual 
entrance  of  the  new,  with  the  simultaneous  revision  of  environ- 
mental control. 

28.  Great  climatic  changes  in  a  region,  when  they  occur,  arc 
of  cr)urse  productive  of  proportionately  great  changes  in  the 
vegetation,  involving  ultimately  i)erhaps  the  complete  replace- 
ment of  all  the  original  associations  by  new  ones.  Without  the 
arrival  of  a  new  flora  in  the  region,  the  change  in  the  original 
vegetation  as  the  result  of  climatic  change  can  con*-ist  only  of  the 
extinction  of  unadapted  s|)erieh,  their  rep!a(enirnt  u holly  or  in 
part  by  spet^es  of  rea*nt  evolution,  and  of  readjust  nun  ts  in  tin- 
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plant  associations  concerned.  Such  events  are  so  slow  that  they 
have  never  been  described  from  observation,  and  it  is  extremely 
doubtful  if  the  term  succession  would  be  applied  to  them  if  they 
were  visible. 

The  actual  effect  of  climatic  changes  as  seen  consists  of  the 
arrival  in  the  region  of  a  new  flora,  the  establishment  of  successions 
between  its  associations  and  the  original  ones,  and  the  gradual 
replacement  of  the  latter.  It  is  possible  that  temperature  changes 
have  never  taken  place  in  the  past  more  rapidly  than  they  are 
proceeding  at  present,  and  that  is  at  a  rate  too  slow  to  be  measured. 
The  effect  of  such  changes,  however,  are  seen  in  the  northward 
advance  of  the  hardwood  forests  at  the  expense  of  the  conifers. 
As  has  been  repeatedly  shown  by  various  authors,  the  successions 
involved  here  are  invariably  referable  to  one  or  another  of  the 
causes  already  discussed  in  these  pages,  and  no  direct  effect  of  a 
temperature  change  is  visible  at  all,  so  far  as  the  structure  or  suc- 
cession of  associations  is  concerned. 

Great  climatic  changes,  therefore,  proceed  at  a  much  slower 
rate  than  the  normal  observable  causes  of  succession.  Those  great 
successional  movements  which  have  marked  the  development  of 
the  flora  of  the  continent  through  all  the  climatic  and  geologic 
vicissitudes  of  the  epochs,  and  whose  results  are  now  exhibited 
by  the  geographical  distribution  of  the  flora,  are  merely  the  mass 
effects  of  small  successions,  coupled  with  the  evolutionary  phe- 
nomena of  extinction  and  appearance  of  species. 

Summary 

1.  All  phenomena  of  vegetation,  i.  e.,  of  numbers  of  individ- 
uals, depend  upon  the  phenomena  of  the  individual  plant. 

2.  The  plant  population  of  any  area  is  determined  by  environ- 
mental selection  of  immigrants  from  the  surrounding  population. 

3.  Because  of  similarity  of  environmental  selection  and  of 
available  sources  of  immigration,  areas  of  uniform  vegetation  are 
developed,  known  as  plant  associations. 

4.  Effective  changes  in  the  environment  or  in  the  surrounding 

population  may  lead  to  significant  changes  in  the  vegetation  of  an 

area.     If  these  changes  involve  the  establishment  upon  it  of  a  new 

association,  the  phenomenon  is  known  as  succession. 

University  of  Michigan. 
Ann  Arbor,  Michigan 
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The  development  of  the  spikelets  of  Zea  Mays 

Paux  Wkatbeewax 

(Wim  PLATE  23  AND  THtRTY-TURIK  TEXT  FIGURES) 

In  another  publication  (8)  a  description  has  been  given  of  the 
flowers  of  maize,  in  which  the  chief  emphasis  was  laid  upon  the 
more  conspicuous  floral  features  at  the  time  of  anthesis.  The 
writer's  present  purpose  is  to  consider  the  two  types  of  spikelet 
from  the  standpoint  of  development. 

A  number  of  articles  have  touched  upon  this  subject  inciden- 
tally, but  in  no  case  completely,  having  in  nearly  every  case 
fiomething  else  as  their  main  purpose.  True  (7)  has  given  a  de- 
scription of  the  formation  of  the  pistil  and  the  ovule  in  so  far  as  this 
i»  of  help  in  explaining  the  development  of  the  caryopsis.  Poin- 
dexter  (6)  gives  a  preliminary  report  on  some  work  of  the  same 
kind  with  com,  but,  if  the  work  has  ever  been  completed  and  pub- 
lished in  full,  I  have  no  knowledge  of  it.  Guignard's  investigations 
on  double  fertilization  in  maize  added  some  information,  but  his 
pap<^r  (3)  naturally  does  not  describe  fully  the  development  of  the 
spikelets,  and  it  is  not  illustrated.  Golinski  (2),  basing  his  work 
upon  Poa  annua  and  Triticum  vulgar e,  has  given  the  most  com- 
prehensive treatment  that  I  have  been  able  to  find  of  floral  de- 
velofmient  in  the  grasses;  this  includes  a  good  account  of  the 
literature  on  the  subject  up  to  that  time.  No  reports  that  I 
ha\'c  investigated  have  taken  into  account  the  development  of  the 
various  rudimentary  organs  of  the  spikelets. 

During  the  last  four  years  I  have  had  under  ol)8er\'ation  in  one 
way  or  another  more  than  a  hundred  varieties  of  maize,  which 
have  been  received  from  many  parts  of  North  and  South  America 
and  may  be  considered  a  fair  representation  of  the  species.  Of 
cuurse,  not  all  of  these  have  been  examine<l  in  detail,  Init  any 
variety  that  seemed  to  be  different  from  the  typical  in  floral 
de>'eIopment  was  made  the  subject  of  sfx^cial  study  until  the 
nature  and  significance  of  the  variation  were  determined.     Monoe- 
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cism  is  the  rule  in  almost  all  varieties,  and  the  behavior  of  the 
floral  organs,  either  functional  or  rudimentary,  is  fairly  constant. 
This  monoecious  form  is  taken  as  the  type  for  the  purpose  of 
description,  and  those  varieties  having  a  large  proportion  of  perfect 
flowers,  together  with  the  numerous  instances  of  reversion  are 
mentioned  only  as  aids  in  understanding  the  typical  form. 

The  development  of  either  of  the  typical  unisexual  spikelets 
of  maize  can  best  be  described  by  comparison  with  a  theoretical 
primitive  spikelet  such  as  occurs  in  some  varieties  of  pod  com, 
and  the  like  of  which  is  found  in  several  other  grasses.    This 


Figs.  1-5.  Development  of  the  male  spikelet,  X  60.  G,  glume;  X,  lemma; 
F,  flower  primordium;  5,  stamen;  P,  palea;  Pi»  pistil;  Lo,  lodicule  (in  a  portion  of  the 
section  that  is  not  median) ;  W,  ovary  wall. 

spikelet  has  two  empty  glumes  and  two  flowers  with  four  palets. 
Since  the  bracts  have  an  alternate  arrangement  on  the  rachilla, 
one  flower  is  a  little  higher  than  the  other  in  the  spikelet.  The 
higher  one,  which  is  on  the  side  of  the  spikelet  toward  the  rachis, 
is  the  older.     Each  flower  has  a  pistil,  three  stamens,  and  two 
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lodicules.  It  will  be  shown  that  the  present  maize  spikelet, 
whether  male  or  female,  has  essentially  the  structure  of  this 
primitive  one  with  some  of  its  parts  suppressed. 

The  spikelet  primordium  makes  its  appearance  as  a  rounded 
protuberance  on  the  rachis.  The  first  differentiation  to  appear  is 
in  the  formation  of  the  lower  glume,  and  it  is  soon  folbwed  by  the 
upper  one  (C,  Text-figs,  i,  6,  7).  The  two  lemmae  arise  almost 
simultaneously  with  the  appearance  of  the  stamens  of  the  upper 
flower  (L  and  5.  Text-hgs.  2,  3,  8).  From  the  lower  side  of  the 
undifferentiated  part  of  the  spikelet  now  appears  the  primordium 
of  the  lower  flower  (F,  Text-figs.  3.  4,  8),  and  the  palea 
of  the  upper  flower  soon  follows  (P,  Text-fig.  9).  The 
palea  of  the  lower  flower  appears  much  later  (P,  Text-figs. 
5,  10).  The  older  flower  seems  to  be  terminal  and  the  younger  one 
lateral  on  the  rachilla,  but  it  is  prol^bly  better  to  consider  both 
flowers  lateral  branches  of  this  axis,  which  terminates  between  the 
two  paleae.    This  point,  however,  should  be  investigated  further. 

In  the  development  of  the  flower  from  its  primordiiun  the 
stamens  are  first  differentiated;  these  are  followed  by  the  lodicules 
and  the  part  that  is  left  is  the  primordium  of  the  pistil. 

l^p  to  the  time  of  the  differentiation  of  the  primordia  of  the 
stamen  ^d  the  pistil,  the  male  and  female  spikelets  have  l(x>ked 
ver>'  much  alike,  but  now,  accompanying  the  sexual  differentiation, 
there  begins  a  divergence  in  the  appearance  of  the  two.  The  cov- 
ering of  husks  for  the  female  inflores<Tnce,  the  effects  of  cmwding, 
etc.,  bring  atx>ut  further  changes  until  the  male  and  female  spike- 
lets  finally  resemble  each  other  so  little  that  there  is  a  current 
doubt,  or  ignorance,  at  least,  of  their  homologies. 

In  l>oth  flowers  of  the  male  spikelet  the  stamens  and  IcKlicnjIi^ 
are  fully  develo()ed,  but  the  development  of  the  pistils  is  s<N>n 
arrested,  and  they  disorganize. 

The  lodicules  l)egin  ;is  small  protulietaniYs  and  develop  int(» 
thick,  short,  truncated  Inxlies.  They  are  well  supplied  with  \as- 
cular  tissue  and  at  anthesis  are  quickly  distendetl  to  two  or  than- 
times  their  former  width,  very  efficiently  holding  of)en  the  spikelet 
while  the  filaments  of  the  stamens  are  elongating.  The  develoj>- 
ment  of  the  stamen  d(K*s  not  differ  very  much  fmm  that  in  other 
grasses.     Cross  sections  of  anthers  just  lK»fore  the  time  of  the 
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reduction  division  (Plate  23,  fig.  4)  show  the  typical  parts  as 
described  by  Golinski,  and  these,  except  the  epidermis,  are  prac- 
tically all  absorbed  by  the  time  the  pollen  is  mature.  For  the 
greater  part  of  the  length  of  the  anther  its  wall  consists  of  merely 
the  epidermis  (Fig.  5),  but  for  a  short  distance  at  the  distal  end 
this  wall  is  reinforced  by  the  mechanical  layer  (Fig.  6).    As  a 


Figs.  6-10.  Development  of  the  female  spikelet,  X  60.  G,  glume;  L,  lemma; 
F,  flower  primordium;  5,  stamen;  F,  palea;  Pi,  pistil;  Si,  silk;  O,  ovule;  5C.  stylar 
canal;  W,  wall  of  ovary. 

result,  it  is  only  at  the  end  of  the  anther  that  the  loculi  coalesce 
in  pairs  to  form  the  two  "cells,'*  and  the  opening  is  a  pore  formed 
by  the  turning  back  of  the  edges  of  a  short  slit  extending  along  the 
anther  as  far  as  the  mechanical  tissue  goes  (Fig.  7).  From  this 
pore  the  pollen  grains  escape  as  the  wind  moves  the  anther  about 
at  the  end  of  the  long  filament. 

The  reduction  division  and  maturation  of  the  pollen  do  not 
furnish  very  satisfactory  material  for  cytological  work.  The 
chromosomes  are  small  and  hard  to  differentiate  clearly  in  the 
dense  cytoplasm.  Kuwada  (4  and  5)  has  made  a  cytological  study 
of  a  number  of  varieties  and  concludes  that  there  is  considerable 
variation  in  the  size  and  number  of  the  chromosomes.  The 
haploid  number  in  most  varieties  of  sweet  com  is  found  to  be 
twelve,  and  in  other  varieties  the  number  is  often  smaller.     To 
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one  who  is  familiar  with  the  plant  in  its  other  interesting  relations, 
Kuwada's  work,  while  of  much  value  as  far  as  it  goes,  is  still 
incomplete.  There  is  yet  room  for  a  great  deal  of  interesting 
and  profitable  cytological  work  on  varieties  that  have  been  inbred 
for  a  number  of  generations,  or  whose  genetic  history  is  otherwise 
known  for  a  long  time.  If  from  such  work  any  regularity  can.be 
found  for  the  diflFerent  varieties,  there  will  be  afforded  not  only  a 
prol)able  basis  for  improving  the  present  unsatisfactory  systematic 
treatment  of  the  genus  but  also  a  new  field  of  study  in  correlations  • 
between  cytological  behavior  and  genetic  results. 

The  mature  pollen  grain  is  almost  spherical;  the  exine  is  mi- 
nutely roughened,  and  there  is  a  prominent  germ  pore  (Fig.  8). 
The  pore  is  surrounded  by  a  thickened  ring  of  intine  and  closed 
with  a  plate  of  tissue  which  resembles  the  rest  of  the  wall  in 
structure.  The  protoplasm  is  very  dense,  and  careful  staining  is 
necessary  to  make  the  nuclei  visible.  The  vegetative  nucleus  is 
irregular  in  outline  and  apparently  does  not  have  a  definite  mem- 
brane. The  generative  nucleus  divides  before  the  pollen  is  shed, 
forming  the  two  long,  slender  sperms,  which  are  pointed  at  the 
emls  and  usually  crescent-shaped. 

It  is  possible  that  the  de\'elopment  of  the  abortive  pistil  varies 
in  some  kinds  of  maize,  especially  some  of  the  pod  varieties  that 
do  not  produce  fruits  in  the  tassel;  but  there  is  a  remarkable  re- 
gularity in  all  that  I  have  examined.  The  organ  develops  as  in 
the  female  flower — which  will  be  described  later — up  to  the  time 
when  the  ovary  wall  should  begin  to  be  formed,  but  here  it  stops. 
Sometimes  it  is  merely  an  oval  or  somewhat  constricted  protuber- 
ance (Text-fig.  12),  and  sometimes  there  is  a  slight  indication  of 
the  beginning  of  the  ovar>'  wall  {W,  Text-fig.  4).  In  a  few  cases 
a  large,  conspicuous  cell  has  been  seen  at  about  the  place  where 
the  megaspore  mother  cell  would  be  expected,  but  it  is  impossible 
to  say  at  this  time  whether  or  not  it  develops  this  far.  The  disor- 
ganization begins  while  the  epidermis  is  still  intact  and  soon 
extends  to  many  or  all  of  the  intercellular  spaces  (Text-figs.  12- 
15).  The  organ  is  usually  completely  consumed  by  the  time  of  the 
differentiation  of  the  pollen  mother  cells  in  the  stamens  of  the 
same  flower,  and  all  that  remains  at  anthesis  is  a  small,  shallow 
cup  formed  by  the  epidermis  of  the  base  of  the  aljorted  organ 
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(Text-figs.  5,  15).    This  is  so  inconspicuous  that  it  appears  that 
many  early  investigators,  *  working  largely  from  the  systematic 


Fig.  zi.  Longitudinal  section  of  female  spikelet.  X  60.  G.  glume;  L,  lemma; 
P,  palea;  Ah,  aborted  flower;  Si,  silk;  SC,  stylar  canal;  e,  embryo-sac;  oi,  outer  in- 
tegument; it,  inner  integument. 

Standpoint,  either  did  not  suspect  its  presence,  or  looked  for  it 
and  failed  to  find  it. 

The  female  spikelet  is  characterized  by  a  suppression  of  all  the 
essentials  of  the  lower  flower  and  of  the  stamens  of  the  upper  one. 
Lodicules  are  present  in  both  flowers,  but  they  are  functionless, 
or,  at  least,  do  not  serve  the  same  purpose  as  in  the  male  flower. 
The  only  functional  organ  of  the  female  spikelet  is  the  pistil  of  the 
upper  flower. 

The  lodicules  of  both  flowers  of  the  female  spikelet  are,  in  early 
stages,  like  those  of  the  male  flower,  but  their  development  is 
arrested  at  about  the  same  time  as  that  of  the  other  rudimentary 
parts.  This  suppression  is  not  accompanied  by  disorganization, 
as  in  other  parts,  but  the  organs  merely  stop  growing  and  are 
wholly  or  partly  overtaken  by  the  growth  of  the  surroimding 
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tissues.  At  anthesis  those  of  the  upper  flower  are  seldom  visible, 
while  those  of  the  lower  flower  are  relatively  conspicuous  even 
when  such  flower  has  a  functional  pistil. 

The  pistil  of  the  upper  flower  is  not  materially  different  from 
that  of  other  grasses.    Guignard's  description  is  accurate.    As 


Figs.  11-15.     Sections  showing  tUpt  in  the  decline  of  the  pistil  of  the  male 
flower,  X  60. 

he  has  pointed  out  (3,  p.  43),  the  pistil  seems  to  be  developed  from 
a  single  carpellary  leaf.  The  duplex  structure  of  the  **silk" 
indicates  that  it  may  have  resulted  from  the  union  of  two  parts, 
but  there  is  no  direct  evidence  of  this. 

After  the  stamen  primordia  have  been  differentiated,  the  be- 
ginning of  the  pistil  is  left  as  a  small,  rounded  protuberance.  Near 
the  base  of  this  a  ring  of  tissue  begins  to  grow  up  and  finally  arches 
over  to  form  the  ovary  wall  (W,  Text-figs.  9,  10,  and  Plate  23, 
FIG.  3).  Ultimately  the  edges  of  this  come  together  at  the  top, 
but  the  union  is  ne\'er  complete,  a  small  opening  to  the  inside,  the 
fetylar  canal,  being  present  at  the  top  of  the  mature  ovar>'  iSC, 
Text-figs,  io,  ii).  In  the  meantime,  a  small  projection  grows 
up  on  the  adaxial  side  of  the  stylar  canal,  a  little  distance  from  the 
latter,  to  form  the  primordium  of  the  **silk." 
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The  "silk,"  which  is  peculiar  to  maize  and  teosinte,  probably 
owes  its  unusual  structure  and  exceptional  length  to  the  presence 
of  the  husks  that  cover  the  inflorescence.  The  writer  has  pre- 
viously called  this  organ  a  stigma.  Since  the  use  of  this  term  has 
been  questioned,  a  further  statement  seems  appropriate  here. 

The  difficulty  seems  to 
lie  in  finding  a  consistent 
and  generally  accepted 
definition  of  the  word, 
stigma.  Some  writers,  as 
Strasburger  and  a  number 
of  his  students,  speak  of  it 
as  a  morphological  unit  of 

Fig.  16.     Transverse  section  oTiihe  silk.  X  200,     ^^^  P^^til,  coordinate  with 

the  style  and  the  ovary; 
and  others  define  it  as  merely  that  portion  of  the  surface  of  the  • 
style  upon  which  pollen  grains  may  germinate.  In  dealing  with  the 
grasses  it  is  convenient  to  speak  of  the  feathery  part  of  the  filament 
extending  upward  from  the  ovary  as  the  stigma  and  of  the  smooth 
part  as  the  style.  Strasburger  makes  this  distinction  in  his  text 
book.  Many  other  writers,  in  describing  the  grasses,  recognize 
the  convenience  of  such  a  distinction  when  they  speak  of  the 
"two  or  three  feathery  stigmas."  It  was  not,  and  is  not  now, 
the  writer's  intention  to  form  a  new  definition  of  terms.  The 
point  intended  is  merely  this:  The  corn  silk,  being  compound  in 
structure  and  plumose  and  receptive  to  its  base,  is  the  homologue 
of  the  "two  feathery  stigmas  "  of  other  grasses.  If  the  common  use 
of  the  word,  stigma,  in  speaking  of  other  grasses  is  inadvisable,  and 
a  consistent  nomenclature  is  devised,  the  appropriate  use  of  the 
word,  style,  for  the  corn  silk  is  conceded. 

From  the  very  beginning  (Plate  23,  fig.  3)  the  silk  is  divided 
at  the  tip,  and  this  division  continues  into  the  mature  structure, 
which  has  already  been  described  (8,  p.  133).  Two  strands  of 
vascular  tissue  traverse  the  entire  length  of  the  organ  (Text-fig. 
16).  Neither  in  transverse  nor  in  longitudinal  section  is  there 
any  evidence  of  a  tissue  morphologically  differentiated  for  the 
passage  of  the  pollen  tube,  as  has  been  described  for  other  grasses. 

The  plumose  appearance  of  the  stigma  is  due  to  numerous 
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hairs  arranged  in  definite  areas.  Each  hair  has  its  origin  in  a  single 
epidermal  cell  (see  Text-figs.  17-24)  which  divides  anticHnally, 
giving  rise  to  four,  or  occasionally  five,  cells.  Each  of  these  cells 
divides  transversely  a  num- 

l^er  of  times  and  produces      jj  -H/^       -Tl/O        ffi 

a  long  filament,  the  four 
filaments  being  loosely  at- 
tached to  each  other,  leav- 
ing an  intercellular  canal 
in  the  middle  of  the  hair. 
Some  of  the  filaments  are 
longer  than  others,  and,  as 
a  result,  the  hair  tapers  to 
a  point,  where  it  consists 
of  but  a  single  cell  or  a 
single  row  of  cells.  The 
upper  ends  of  many  cells  of 
the  hair  are  turned  out- 
ward, giving  the  pollen  tul>e 
ea^y  access  to  the  canal  in 
the  middle  (Text-fig.  25), 
through  which  the  tube 
reaches  the  main  part  of 
the  silk.  It  seems  that  it 
is  only  through  these  hairs  that  the  pollen  tube  can  gain  entrance. 
The  ovary  contains  a  single  ovule,  which  is  of  a  modified  campy- 
lotrripous  form.  At  about  the  time  of  the  differentiation  of  the 
megaspore  mother  cell,  the  integuments  Ixfgin  to  grow  up  around 
the  nucellus.  The  tissues  on  the  adaxial  side  of  the  ovule  grow 
80  much  faster  than  those  on  the  other  side  that,  at  time  of  the 
maturity  of  the  embryo  sac,  that  organ,  with  the  tissue  immedi- 
ately surrounding  it,  has  Ix'en  completely  inverted.  The  ovule 
is  attached  for  a  considerable  distance  along  one  side,  and  no 
funiculus  is  present;  the  embr>'o  sac  remains  straight,  a.s  does  the 
developing  embryo.  The  one  part  of  the  outer  integument  seldom 
grows  further  than  the  top  of  the  ovary,  where  it  forms  a  folded  or 
wedge-shaped  Ixxly,  closing  the  stylar  canal  (Text-fk.s.  27,  28). 
The  micropyle  is  formed  by  the  inner  inttKunient,  and  the 
nucellus  protrudes  through  it  (Tkxt-fk..  29). 


20 

Figs.  17-24.  Steps  in  the  development  of 
a  ftigmm  hair.  Fics  25  and  a6.  Crom  tec- 
tiont  of  •tigma  bain.  X  aoo. 
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The  peculiar  details  of  the  embryo  sac  of  the  grasses  have  long 
been  know,  as  Golinski  (2)  shows  in  his  review  of  the  literature. 

I  In  the  early  stages  of  devel- 
opment it  is  not  unlike  that 
of  many  other  angiosperms. 
I  have  found  in  the  case 
of  Zea  Mays  no  evidence 
of  the  disorganization  of  any 
of  the  megaspores,  and  it  is 
probable  that  all  four  func- 
tion as  in  the  group  of  plants 
of  which  Lilium  is  the  class- 
ical type. 

In  cytological  details  I 
have  found  nothing  in  con- 
flict with  Guignard's  de- 
scription (3,  p.  44)  of  the 
mature  embryo  sac,  and  only 
those  details  will  be  repeated 
in  which  there  is  some  sig- 
nificant peculiarity  After 
the  organization  of  the  em- 
bryo sac  the  antipodals  di- 
vide until  there  are  a  large 
number  of  cells — sometimes 
twenty-five  or  more — some 
of  which  have  more  than  one 
nucleus  (Plate  23,  fig.  i). 
The  polar  nuclei  do  not  fuse  before  the  fecundation  of  the  ^%%. 

The  abortive  stamen  of  the  upper  flower  of  the  spikelet  de- 
velops in  the  same  manner  as  the  functional  one  of  the  male  spikelet 
up  to  the  formation  of  the  pollen  mother  cells;  but  the  loculi  are 
much  smaller,  and  the  pollen  mother  cells  fewer  than  in  the  normal 
stamen.  Disorganization  begins  in  the  tapetal  region,  and  the 
pollen  mother  cells  are  consumed  before  the  epidermis  is  affected 
(Text-fig.  30).  At  anthesis  these  stamens  are  small,  inconspicu- 
ous, disorganized  appendages  near  the  base  of  the  pistil  (Text- 
figs.  II,  31). 


Figs.  27  and  28.  Outer  integument  and 
stylar  canal.  Fig.  29.  Micropyle,  X  iSO. 
SC,  stylar  canal;  o#,  outer  integument;  »#, 
inner  integument;  0».  ovule;  M,  micropyle. 
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The  fate  of  the  parts  of  the  lower  flower  of  the  female  spikelet 
is  similar  to  that  of  the  homologous  aborted  parts  of  the  other 
flowers*    Text  fig.  33  shows  a  section  of  the  flower  at  the  time 


Fic«.  30  and  31.  Disorganization  of  the  itamen  in  the  female  flower.  X  200. 
r.  Upetal  region;  F.  pollen  mother  celli ;  O.  ovary. 

of  its  highest  development,  the  pistil  having  already  begun  to 
decline.  So  far  as  has  been  determined,  no  spore  mother  cells 
arc  formed  in  either  the  stamens  or  the  pistil.  It  seems  that  the 
decline  of  all  the  suppressed  organs  of  the  female  spikelet  begins 
simultaneously,  or  nearly  so,  and  the  difference  in  age  between 
thc>«ie  of  the  upper  and  thohc  of  the  lower  flower  would  account  for 
the  difference  in  the  degree  of  development  finally  reached. 
These  organs  of  the  alwrted  flower  are  finally  re<luced  to  the  con- 
dition of  the  other  alx)rted  piblils  and  stamens,  and  at  anthesis 
the  lodicules  are  the  only  prominent  parts  of  the  flower.  As  has 
already  been  noted  (8,  p.  135),  the  pistil  of  this  flower  is  known  to 
function  with  more  or  less  regularity  in  some  varieties. 

The  cause  of  this  suppression  of  some  organs  in  all  spikelets, 
resulting,  as  it  dcx's,  in  monoi'cism,  is  unknown.  But  the  fact 
that  variations  to  the  perfect-flowered  condition  sometimes  (xcur 
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temporarily  in  strains  that  have  for  a  long  time  been  monoecious 
in  character,  and  that  these  reversions  are,  in  a  measure,  capable 
of  experimental  control,  offers  a  good  field  for  the  physiologist. 
Some  of  the  work  of  Blaringhen  (i)  evidently  has  such  facts  as 


Fig.  32.  Lower  flower  of  the  female  spikelet  beginning  to  1^  disorganized* 
X  200.  Fig.  33.  Aborted  flower  of  the  female  spikelet  at  the  time  of  anthesis, 
X  200.    5,  stamen;  F,  pistil;  L,  lemma;  F,  palea. 

these  as  its  basis.  It  is  a  noteworthy  fact  that  the  organs  that 
are  to  be  suppressed  develop  normally  up  to  the  point  where 
rapid  growth  and  sexual  development  begin,  and  then  rapidly 
decline,  and  this  suggests  a  lack  of  adequate  nutrition.  But, 
before  proceeding  far  on  this  supposition,  we  must  consider  two 
significant  facts:  In  either  the  ear  or  the  tassel,  there  is  a  strict 
regularity  in  the  selection  of  the  sex  to  be  suppressed ;  and  it  is  by 
starving  the  whole  plant,  as  when  it  is  grown  in  a  pot  in  the  green- 
house in  the  winter,  that  perfect  flowers  in  the  tassel  are  likely 
to  be  produced. 

Summary 

The  spikelets  of  all  varieties  of  maize  begin  to  form  two  perfect 
flowers,  and  monoecism  is  caused  by  the  suppression  of  some  part 
or  parts  of  all  the  flowers.  The  entire  lower  flower  of  the  ear 
spikelet  is  suppressed,  except  in  a  few  varieties,  and  ordinarily 
only  one  fruit  develops. 

In  any  single  flower  the  development  of  the  stamens  is  more 
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advanced  than  that  of  the  pistil ;  but  the  pistil  of  the  upper  flower 
of  a  spikelet  is  usually  more  advanced  than  the  stamens  of  the 
lower  flower. 

In  the  organs  in  which  it  occurs,  suppression  begins  at  about 
the  time  of  the  differentiation  of  the  spore  mother  cells  in  the 
functional  organs. 

The  aborted  stamen  of  the  functional  female  flower  produces 
microspore  mother  cells  before  it  begins  to  decline,  and  the  aborted 
pistil  of  the  male  flower  may  produce  a  megaspore  mother  cell, 
tnit  the  organs  of  the  aborted  flower  of  the  female  spikelet  do  not 
produce  spore  mother  cells. 

Rbpbrbncbs 

t.  BUrin^am,  L.     Production  d'une  esp^e  ^l^mentaire  nouvelte  de 

mala  par  traumatismet.     Compt.  Rend.  143:  245-247.     1906. 
2.  Gottnski,  St.  J.     Ein  Beitrag  zur  Entwicklungsgcschichtc  det  An- 

droeceums  und  Gynaeceums  dcr  Graser.     Bot.  Centratbl.  55:  1-17, 

65-72,  129-135.     A^.  /-J.     1893. 
%.  GuifiiAnly  L.     La  double  f^condation  dans  le  mais.    Jour,  de  Bot. 

15:  37-50.     1 901. 
4.  KtswiAUf  T.     Maiosis  in  the  pollen  mother  cells  of  Zea  Mays  L. 

Bot.  Mag.  (Tokyo).     25:  163-181.     pi  5.     191 1. 
5. Ucber  die  Chromosomenzahl  von  Zea  Mays  L.     Bot.  Mag. 

(Tokyo).     39:83-89.     pLs.     1915. 

6.  Poindezter,  C.  C.    The  development  of'  the  spikelet  and  grain  of 

com.     Ohio  Nat.  4:  3-9.    /.  /-//.     1903. 

7.  TnMt  R.  H.     On  the  development  of  the  caryoptis.     Bot.  Gaz.  18: 

212-226.     pk  24-26.     1893, 

8.  Weatherwax,  P.     Morphology  of  the  flowers  of  Zea  Mays.     Bull. 
Torrey  Club  43:  127-144.     pi.  5,  6  +  f.  1-4.     1916. 


Digitized  by  VjOOQIC 


496  Weatherwax:  Spikelets  of  Zea  Mays 


Hzplanatf  on  of  plate  ZS 

Fig.  I.    Embryo  sac,  £.  egg;  55, ssmergids;  F.  polar  nuclei;  A.  antipodal  tissue 

Fig.  3.    Another  section  of  the  embryo  sac  shown  in  Fig.  i. 

Fig.  3.  Very  young  pistil,  X  60.  5.  one  lobe  of  silk;  W,  beginning  of  ovary 
wall. 

Fig.  4.  Section  through  the  middle  of  an  anther  just  before  the  reduction  di* 
vision.  X  50. 

Fig.  5.    Section  through  the  middle  of  a  mature  anther,  X  50. 

Fig.  6.    Section  from  near  the  distal  end  of  the  anther  shown  in  Fig.  5. 

Fig.  7.    A  mature  anther,  X  10. 

Fig.  8.  Section  of  pollen  grain,  showing  germ  pore,  vegetative  nucleus,  and  the 
two  sperms,  X  550. 

Fig.  9.  Portion  of  a  longitudinal  section  of  a  stamen  of  the  female  flower,  just 
before  disorganization  begins.  X  200.  E,  epidermis;  T,  tapetal  region;  F,  pollen 
mother  cells. 
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NOVEMBER,  1917 
Relationship  of  the  genus  Kuehneola* 

J.  r.  Arthir 

The  genus  Kuehneola  was  established  by  Magnusf  some  twenty 
years  ago  to  l)etter  emphasize  the  peculiar  rust  on  Rubus  having 
white  and  deh'cate-walled  teliosfwres,  a  rust  that  had  previously 
for  a  decade  l)een  called  Phragmidium  alhidum.  The  colorless 
telia  with  their  catenulate  teliospores,  so  unlike  rusts  in  general, 
were  placed  in  the  genus  Oidium  by  l.ink  in  1 824,  and  in  the 
genus  Torula  by  Fries  in  1832. 

For  a  brief  interval  after  the  fungus  was  recognized  as  a  rust, 
and  iKffore  it  was  assigned  to  Phragmidium,  or  its  close  ally 
Kufhfifola,  it  passed  under  the  name  of  Chrysomyxa  albida.  In 
giving  this  name  Julius  Ktihn.t  with  his  usual  thoroughness  and 
insight,  clearly  set  forth  the  characteristics  of  lK)th  ure<iiniospores 
and  teliospores,  (K>inting  out  that  in  the  shape  and  manner  of 
formation  of  the  delicate,  cylindrical  teliosix)ri*s,  as  well  as  in  the 
al>f^nce  of  paraphyses  around  the  urc^iinial  sorus,  and  in  the 
general  ap|)earance  of  the  urediniosfK)res,  there  was  indicated  a 
clostT  relationship  with  Chrysomyxa  ( Melampsoropsis)  than  with 
Phraf^midium. 

The   original    Kuehneola   aWida    (Kuhn)    Magn.,    now    Inciter 

•  Prrwnlrfl    in    part    U  (orr    thr    AincTuan    Ph\  l«ii>.itholoKUal    Sm  i«-ty    at    ihr 
<  olumbut  rorrtinu.  DrtmiUr  -ly.  lyM 
t  B<H   Ontr   74.   i^v.      iKi^H 
X  B<»*   i  mtr.  16    IS  I       \^*^\ 
I  Tbr  Bi'l  L>.TIN  for  0(  tut.rr  <44:   4'M    >*»*>■      P^    Ji    %%  a«  i ^-Uf-iH  )t  ti.U  r  i.iyr;) 
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called  K.  Uredinis  (Link)  Arth.,  if  the  earliest  specific  name  js 
to  be  adopted  (which  happens  to  be  one  founded  upon  the  telia), 
is  now  known  to  occur  on  many  species  of  Rubus  throughout 
Europe  and  North  America,  and  another  species,  K.  andicola 
(Diet.  &  Neg.)  Diet.,  is  found  in  South  America  on  Rubus  geoides 
Sm.  In  1912  Dietel  and  the  writer  added  three  species  to  the 
genus  on  other  rosaceous  hosts,  and  between  191 2  and  191 4 
Butler,  Sydow  and  the  writer  added  eight  other  species,  whose 
hosts  belong  to  the  families  Vitaceae,  Artocarpaceae,  Burseraceae, 
Anacardiaceae,  Verbenaceae  and  Bignoniaceae.  Of  all  these 
species  the  full  life  history  is  known  for  only  the  first  species, 
K.  Uredinis  on  Rubus  (Rosaceae),  and  the  last  one,  K.  Markhamiae 
(P.  Henn.)  Syd.  on  Markhamia  (Bignoniaceae). 

The  last  species  occurs  in  German  E^st  Africa.  A  good 
description  is  given  in  Sydow*s  Monographia  Uredinearum  (3: 
318),  but  without  mentioning  the  pycnia.  These  were  found  on 
an  original  specimen  in  my  own  herbarium.  They  are  epiphyllous, 
in  small  groups  opposite  the  primary  uredinia,  punctiform,  sub- 
cuticular, ioo-iiom  in  diameter,  the  hymenium  flat;  ostiolar 
filaments  wanting.  The  urediniospores  are  borne  singly  on  pedi- 
cels, sparsely  echinulate-verrucose,  and  with  three  equatorial  pores. 

It  will  be  seen  that  the  general  characters  of  K.  Uredinis  and 
K.  Markhamiae  coincide,  and  the  two  species  can  be  considered 
genuine  representatives  of  the  genus  Kuehneola,  Although  the 
pycnia  of  K.  andicola  have  not  been  detected,  yet  the  similarity 
of  the  known  characters,  and  the  host  being  a  species  of  Rubus, 
that  species  can  also  be  included  in  the  genus  without  hesitancy. 

The  other  recorded  species  on  rosaceous  hosts  are  K,  japonica 
Diet.,  on  three  species  of  Rosa  in  Japan,  K.  D'uchesneae  Arth., 
on  Duchesnea  indica  (Andr.)  Focke  (Fragaria  indica  Andr.),  in 
North  America,  and  K.  obtusa  (Strauss)  Arth.,  on  three  or  more 
species  of  Potentilla,  in  Europe,  and  on  P.  canadensis  L.  in  North 
America.  No  specimen  of  the  species  on  Rosa  has  been  seen  by  the 
writer,  but  the  description,  for  telia  only,  appears  to  warrant  its 
inclusion  under  Ktichneola. 

In  studying  the  species  on  PotentiUa,  or  two  species  as  main- 
tained by  some  uredinologists,  it  was  brought  out  some  time  since 
that  the  relationship  with  s[)ecies  of  Kuehneola  on  Rubus  is  not 
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as  close  as  had  been  assumed.  The  matter  was  especially  brought 
to  my  attention  by  Dr.  F.  D.  Fromme.  while  a  member  of  my 
lalmratory  force,  and  has  since  been  considerably  elucidated. 
Recently  the  statement  of  Dietel,*  made  a  number  of  years  since, 
was  brought  to  mind,  and  as  he  has  covered  the  chief  item  in 
question  very  succinctly.  I  can  not  do  better  than  present  his 
words  in  English  forrii.  Dietel  says:  **The  so-called  teliospores 
of  Kuehneola  are  spore-chains,  series  of  one-celled  single  spores, 
m'hich  are  successively  al>stricted  one  after  the  other  from  the 
apex  of  a  common  hypha,  and  remain  united  fast  with  one  an- 
other.** This  statement  by  Dietel  applies  to  the  memlx?rs  of  the 
genus  Kuehneola  as  represented  by  the  forms  on  Rubus  and 
Markhamia,  but  not  to  the  forms  on  Potentilla  and  Duchesnea 
that  the  writer  placed  under  that  genus,  although  there  is  much 
similarity  in  appearance  lx*tween  the  two.  The  latter  have  the 
ieliosjK)res  distinctly  stalked.  They  are  morphologically  in  regard 
to  their  septation  like  the  teliospores  of  Phragmidium,  under 
%vhich  genus  they  ar^  usually  place<l,  but  have  single,  apically 
placed  pores  in  each  cell,  and  the  spores  are  smcK)th.  For  such 
forms  I  propose  the  following  new  genus,  named  in  honor  of  Dr. 
F.  D.  Fromme.  professor  of  lK)tany  in  the  Virginia  Polytechnic 
Institute,  whose  clear  thinking  and  cogent  reasoning  have  much 
enriched  Ixitanical  science. 

Frommea  gen.  no  v. 
Cycle  of  development  includes  pycnia,  primary  and  si*condar>' 
uredinia  and  telia;    autoe(ious.     Pycnia  sulxuticular,  other  sori 
sulM*pidermal. 

Pycnia  with  flat  hymenium  and  without  ostiolar  filaments. 

I'redinia  with  few  or  no  j)araphys<*s.  the  urediniosports  Ixirne 
Mngly  on  pedicels,  jwle.  and  with  |K)res  indistinct,  usually  e(|ua- 
torial. 

Telia  without  jKiraphy^cs,  the  ttli<)siK)rt^  free,  fx-tiicelled, 
M*rially  wveral-rellrd,  r.irely  onc-cfllfd.  colored,  the  wall  smooth, 
the  fxires  single  and  apically  pl.»re<l  in  im<  h  cell. 

TyfK'  Vrrdo  ohtuui  Str.uws,  on  7\trmrnti!l(i  rrnta. 
Froinni0a    Obtusa    *Strau-^)    cnnib.    nov.    •Tnulo    ohtjt\(i  str.iii-'-, 
Phragmidium     TtnmftitilUtc     F(  kl  ,     P.     Potrfttilltit'-inntul*  ti\is 

•  Ann    Mvi     lo     j"  ^       iv'  J 
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Diet.,  Kuehneola  obtusa  Arth.),  on  PotentiUa  sylvestris   {P. 

Tormentillde,  Tormentilla  erecta),  P,  procumbens,  P,  mixta,  P. 

reptans,  P,  canadensis,  Europe  and  North  America. 

In  Sydow's  Monographia  Uredinearum  (3:  105,  106),  where 
the  primary  uredinia  are  described  as  aecia,  the  European  and 
American  forms  are  assigned  to  separate  species  distinguished  by 
the  different  number  of  cells  in  the  teliospores,  but  in  the  examina- 
tion of  a  large  number  of  collections  of  each  no  such  difference 
has  been  detected.  The  description  of  the  type  species  by  Strauss 
is  that  of  the  telia,  and  his  illustration  shows  a  teliospore,  although 
Strauss  placed  his  species  under  Uredo. 

Frommea  Duchesneae  (Arth.)  comb.  nov.  (Kuehneola  Duchesneae 
Arth.,  Phragmidium  Duchesneae  Syd.),  on  Duchesnea  indica. 
North  America. 

Frommea  Polylepidis  sp.  nov.,  on  Polylepis  sp.,  Corazon,  Ecuador, 

October,  1891,  G.  Lagerheim. 

Uredinia  hyf>ophyllous,  scattered,  round  or  oblong,  80-160 /i 
across,  soon  naked,  somewhat  pulverulent,  dirty  white,  ruptured 
epidermis  evident;  paraphyses  none,  urediniosf)ores  obovoid  or 
ellipsoid,  10-16  by  19-25  ju;  wall  light  yellow  to  colorless,  1-2/1 
thick,  evenly  and  moderately  verrucose-echinulate,  the  f)ores 
obscure. 

Telia  unknown. 

The  genus  Frommea  differs  from  Phragmidium,  not  only  in 
having  nearly  or  quite  smooth  teHosf>ores,  with  one  apical  pore 
in  each  cell,  instead  of  tuberculate  teliospores  with  more  than 
one  pore  and  lateral  in  each  cell,  but  also  in  ix)ssessing  no  aecia 
proper  with  catenulate  spores,  but  instead  having  primary  uredinia 
with  pedicellate  spores.  The  primary  uredinia  are  circinnate 
about  the  pycnia,  epiphyllous,  large  and  much  resembling  in 
gross  appearance  the  caeoma  of  a  Phragmidium,  . 

The  next  group  of  species  to  be  considered  consists  of  the  two 
species  on  Malvaceae,  placed  by  the  writer  under  Kuehneola  in 
1912  (N.  Am.  Flora  7:  187),  and  accepted  as  such  by  subsequent 
writers.  The  discovery  of  the  telia  in  this  group  was  made  in 
March,  191 1,  by  Mr.  C.  R.  Orton,  then  a  member  of  the  laboratory 
force,  now  assistant  professor  of  botany  in  the  Pennsylvania 
State  College,  who  found  them  on  Malvaviscus  Drummondii  T.  & 
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C,  collected  at  Austin,  Texas,  October  31,  1909,  Ileald  6f  Wolf  372. 
Since  then  they  have  been  found  on  two  collections  of  Malvaviscus, 
A/,  arboreus  and  A/,  mollis,  from  Guatemala.  These  three  collec- 
tions are  the  only  ones  yet  known  to  show  telia  for  K.  maUncola. 

All  three  collections  show  abundance  of  the  telia,  which  agree 
in  their  appearance  and  form  with  the  published  description. 
The  long  filiform  spore  chains  do  not  readily  separate  into  single 
cells*,  even  after  germination.  They  spread  apart,  however,  even 
to  the  hymenial  point  of  attachment  in  the  sorus,  showing  that 
there  is  no  tendency  to  lateral  agglutination.  The  walls  are 
dihtinctly  cinnamon-brown,  and  in  this  character,  as  well  as  the 
negative  fact  that  pycnia  are  unknown,  the  species  fails  to  accord 
with  the  species  of  Kuehneola  on  Rubus  and  Markhamia,  but  the 
agreement  is  so  marke<i  in  the  more  essential  characters,  that  the 
sfHt'ieh  may  for  the  present  be  considered  correctly  placed  under 
the  genus  Kuehneola, 

When  telia  on  Gossypium  were  found  by  Mr.  Orton  in  May, 
1911,  it  was  natural  to  suppose  they  would  fall  readily  into  the 
same  genus  as  the  other  malvaceous  form  had  done,  especially 
as  the  characters  of  the  uredinium  were  practically  in  agreement. 
Ik»th  species  have  delicate,  uniseriate  teliospores.  In  the  Gos- 
sypium  rust,  however,  the  spores  are  adherent  laterally,  and  the 
end  cells  of  all  the  spore  chains  fall  away  readily,  producing  a 
short  a>lumnar  telium  that  becomes  pulverulent  at  the  extremity. 
In  the  form  of  the  telium  it  simulates  that  of  Cronartium,  only 
l>eing  short,  scarcely  higher  than  broad,  instead  of  being  exces- 
sively long.  The  teliospores  are  colorless,  not  tinted  as  in  K, 
malvicola. 

The  telia  of  the  Gossypium  rust  in  color,  habit  of  spores,  and 
general  form,  agree  well  with  those  of  Ceroielium,  the  only  fully 
recognized  spei*ies  of  which.  C.  Canavaliae,  is  on  a  fabareous  hoht. 
The  uredinia  of  the  Gossypium  and  Canavalia  rusts  are  not  unlike. 
ex<*<*pt  that  the  former  haj»  delicate.  jK»ripheral  paraphyses,  im- 
Imcated  over  the  sorus,  most  readily  seen  when  still  unof)ened 
mhile  the  latter  has  a  delicate  (K'ridium  of  j)olygonal  cells,  also 
most  readily  st^n  in  the  unoiH-iu-d  sorus.  In  Ixith  cast*s  the 
uredinial  envelojje  breaks  away  and  iH'ionu's  more  r)r  U^s  e\cinrs. 
<*ent  after  the  sorus  oiH-n>. 
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There  remain  the  following  species  assigned  to  Kuehneola: 
K,  Vitis  (Butl.)  Syd.  (Vitaceae),  K,  Butleri  Syd.  and  K,  aliena 
Syd.  &  Butl.  (both  Anacardiaceae),  K,  Fici  Butl.  (Artocarpaceae), 
and  K,  peregrina  Syd.  &  Butl.  (Verbenaceae),  for  none  of  which 
has  the  writer  seen  an  authentic  collection.  In  the  case  of  K,  Fici 
the  writer  has  already  followed  the  lead  of  Butler*  and  Sydowt 
and  accepted  the  statement  made  by  Butler  that  the  uredinial 
stage  so  common  on  the  cultivated  fig  and  other  species  of  Ficus 
in  the  tropics  is  identical  with  the  form  associated  with  telia  occur- 
ring in  India  on  Ficus  tomentosa,  and  has  so  listed  collections  from 
the  West  Indies.}  Carefully  reviewing  the  excellent  description 
and  figures  given  by  Butler,  it  seems  that  the  Ficus  rust  has  a 
telial  structure  essentially  the  same  as  that  of  the  Gossypium  rust, 
and  should  be  assigned  to  the  same  genus.  The  same  reason 
holds  for  a  similar  treatment  of  K,  Vitis  and  K.  Butleri,  In  the 
case  of  K.  aliena  and  K,  peregrina  no  paraphyses  for  the  uredinium 
are  described,  but  in  all  other  respects  the  descriptions  indicate 
a  similar  rust.  Whether  in  this  case  paraphyses  are  entirely 
absent,  or  only  to  be  seen  by  special  manipulation,  the  writer  has 
no  way  of  ascertaining. 

By  this  interpretation  of  generic  characters  only  five  species 
remain  in  the  genus  Kuehneola,  out  of  the  dozen  or  more  which 
have  heretofore  been  assigned  to  it.  They  are  three  with  hosts 
in  Rosaceae  {K,  Uredinis,  K.  andicola,  K,  japonic-a),  one  in 
Bignoniaceae  {K.  Markhamiae),  and  one  in  Malvaceae  (/C.  malvi- 
cola).  The  greatest  importance  is  here  attached  to  the  structure 
of  the  telium,  less  to  the  urediniospores,  and  least  to  the  absence 
or  presence  of  peridium  or  paraphyses  in  the  uredinium. 

This  last  item  indicates  an  entire  change  of  opinion  by  the 
writer  regarding  the  value  of  characters  drawn  from  the  protective 
structures  of  the  uredinium  for  generic  diagnoses.  A  strong  factor 
in  founding  the  genera  Physopella  and  Buhakia  in  l9o6§  was  the 
belief  that  the  nature  of  the  paraphyses  or  peridium,  or  their 
absence,  was  of  high  generic  value,  and  the  same  opinion  has  more 
than  once  been   reaffirmed.  11     Recent  studies  of  rusts  with   in- 


*  Ann.  Myc.  la:  76.  1912. 

t  Monog.  Urcd.  3;  3J3.  191 4. 

X  Mycol.  8:  174.  igi6. 

§  Result.  Sci.  Congr.  Bt)t.  Vicnne  338. 

„  Mycol.  7:  173.     1915;  9:  59.      1917. 
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dehiscent,  lenticular  telia  of  the  Schroeteriaster-Phakopsora  appear- 
ance have  entirely  reversed  this  view.  It  has  been  found  that 
with  all  other  characters  in  essential  agreement,  the  uredinium 
may  have  a  membranous  peridium  opening  by  a  central  pore 
(e.  g.,  Pkakopsora  punctijormis  Diet.),  or  imbricated  paraphyses 
united  at  their  bases  forming  a  pseudo-peridium  opening  by  a 
central  pore  (e.  g.,  Pkakopsora  Packyrhizi  Syd.),  or  a  circle  of 
hyphoid  or  incurved  paraphyses  often  not  higher  than  the  spore 
mash  (e.  g.,  Pkakopsora  VUis  Syd.),  or  neither  peridium  nor  para- 
physes (e.  g.,  Bubakia  Crotonis  Arth.). 

The  same  situation  appears  to  prevail  in  the  genus  Cronartium, 
«ih  indicated  by  recent  studies  not  yet  published  of  tropical  Amer- 
ican material.  The  same  appears  to  be  true  of  the  expanded  genus 
Cerotelium  and  to  some  extent  of  the  contracted  genus  Kuekneola, 
as  here  outlined.  These  four  genera  appear  to  be  closely  related, 
having  a  like  development  of  the  uredinium  with  its  several  forms 
of  protective  envelope  or  none,  and  a  characteristic  telium  for 
each.  Only  in  Kuekneola  has  the  life  cycle  for  some  species  l)een 
completed,  and  when  this  is  done  for  the  other  genera,  of  course 
it  is  possible  that  some  further  shifting  or  emendation  may  be 
retjuireti. 

The  following  outline  is  presented  to  bring  together  in  closer 
view  the  several  groups  of  rusts  considered  in  this  paper.  All 
short-c>cle  forms  are  excluded  from  consideration.  The  type 
Nfjecies  of  the  genus  is  given  in  each  instance,  and  also  the  type 
hjjecies  of  genera  reduced  to  synonymy.  Tnder  CeroUlium, 
Kuekneola,  and  Frommea,  all  species  known  to  the  writer  which 
may  Ik?  correctly  placed  under  these  genera,  are  here  listed,  but 
under  Pkakopsora  and  Cronartium  only  such  species  are  given  as» 
are  consideretl  especially  illustrative,  or  call  for  transfer  from 
other  genera.  Other  sfHtic's  heretofore  publishe<l  and  accepted 
under  Pkakopsora  an<l  Cronartium,  fX)sscssing  known  telia,  such 
an  gi\'en  in  the  third  volume  of  Sydow's  Monographia  Treilin- 
e«irum.  have  not  lx*en  liste<l. 

Only  in  a  few  instances  if>  it  possiblr  to  a^sij^n  forms  to  their 
renjiective  genera  when  only  the  urt*<linia  are  known.  The  at- 
tempt}»  to  do  so  by  the  Sydow  >  ^Kuehneola  Garuiiue  and  Phakop^ora 
Jueiti),  as  well  as  those  by  the  writer  urujer  the  K^nus  Phy^opella 
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(P.  Maclurae,  P.  Cherimoliae,  and  P.  Artocarpi),  must  be  con- 
sidered premature  and  exceedingly  hazardous.  Many  forms  de- 
scribed under  Uredo^  which  almost  certainly  belong  under  one 
of  the  genera  here  presented,  must  await  the  discovery  of  telia 
for  further  assortment. 

UREDINACEAE   (Melampsoraceae) 

Telia  laterally  expanded,  lenticular  or  discoid,  indehiscent,  the  teliospores  one-celled, 
catenulate  with  few  spores  in  a  chain,  compacted;  uredinia  with  delicate, 
cellular  peridium,  with  peripheral,  free  or  imbricated  paraphyses  or  neither, 
the  urediniospores  sessile,  apparently  produced  in  chains  with  one  spore  matur- 
ing at  a  time  and  falling  away  before  the  next  one  enlarges Phakopsora 

Phakopsora  punctiformis  (Barcl.  &  Diet.)  Diet,  (type  of 
Phakopsora),  on  Galium  Aparine  (Rubiaceae),  India. 

Phakopsora  alpina  (Schrot.)  comb.  nov.  {Uromyces alpinusSchvbt,, 
type  of  Schroeteriaster),  on  Rumex  alpinus  (Polygonaceae), 
eastern  Europe. 

Phakopsora  Vitis  (Thum.)  Syd.  (type  of  Physopella),  on  Par- 
thenocissus  and  Vitis  spp.  (Vitaceae),  Japan,  ix)ssibly  including 
all  forms  in  tropical  America  where  no  teliosf>ores  have  yet 
been  found. 

Phakopsora  fenestrala  (Arth.)  comb.  nov.  {Uredo fenestrala  Arth.), 
on  Phyllanthus  distichus,  P.  grandifolius  and  P.  Niruri  (Euphor- 
biaceae),  Porto  Rico. 

Phakopsora  Crotonis  (Burr.)  comb.  nov.  (Schroeteriaster  Crotonis 
Diet.,  type  of  Bubakia),  on  Croton  and  Crotonopsis  spp. 
(Euphorbiaceae),  North  America. 

Phakopsora  mexicana  (Arth.)  comb.  nov.  {Bubakia  mexicana 
Arth.,  Schroeteriaster  mexicanus  Syd.),  on  Croton  spp.  (Euphor- 
biaceae), Mexico. 

Phakopsora  argentinensis  (Speg.)  comb.  nov.  {Schroeteriaster  ar- 
gentinensis  Syd.)tOn  Croton  sp.  (Euphorbiaceae),  South  Amer- 
ica. 

Phakopsora  stratosa  (Cooke)  comb.  nov.  {Schroeteriaster  stratosus 
Syd.),  on  Croton  sylvaticus  (Euphorbiaceae),  Southern  Africa. 

Phakopsora  Glochidii  (Syd.)  comb.  nov.  {Schroeteriaster  Glochidii 
Syd.),  on  Glochidium  zeylanicum  (Euphorbiaceae),  Formosa. 
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Phakoptora  Brideliae  (Koord.)  comb.  nov.  {Uredo  Briddiae 
Koord.,  Schroeteriaster  cingens  Syd.),  on  Bridelia  spp.  (Euphor- 
biaceae),  Philippines,  Java,  India. 

Phakoptora  Meibomiae  (Arth.)  comb.  nov.  iPhysopella  Meibomiae 
Arth.).  on  Meibomia  spp.  (Fabaceae),  West  Indies. 

Phakopsora  Vignae  (Bres.)  comb.  nov.  {Uredo  Vignof  Bres., 
Physopella  concors  Arth.),  on  Vigna  lutea  (host  of  type), 
Phaseolus  lunatus,  Dolichos  Lablab,  Teramnus  uncinatus 
(Fabaceae),  West  Indies.  The  teliospores  of  this  species  are 
not  yet  known. 

Phakopsora  Crotalariae  (Diet.)  comb.  nov.  (Uredo  Crolahriae 
Diet.),  on  Crotalaria  sp.  (Fabaceae),  Rio  Janeiro.  The  teh'a 
were  found  on  a  part  of  the  original  collection,  made  by  E.  Tie 
at  (\)pacal>ana.  on  the  l>ay  of  Rio  de  Janeiro,  Brazil,  in  August, 
1897.  They  are  sulxfpidermal,  inconspicuous,  lenticular,  alK>ut 
4  or  5  spores  deep,  the  spores  compact,  angular.  alx)ut  10-15  M 
in  diameter,  the  wall  1.5  m  thick,  cinnamon-brown.  The 
uretiinia  have  imbricated  paraphyses  and  urediniospores  very 
similar  in  size  and  form  to  those  of  Phakopsora  Vignae. 

Phakopsora  AeschynomeniB  (Arth.)  comb.  nov.  (Uredo  Aeschy- 
nomenis  Arth.),  on  Aeschynomene  spp.  (Fabaceae),  Mexico, 
West  Indies  and  South  America.  The  teliospores  are  not  yet 
known. 

Trlia  rirrt.  verruriform,  noi  much  lonjirr  than  broad,  crumpcnl,  somewhat  waxy, 
tir<*t)ming  pulvrrulrnt  at  the  ^urtatf .  the  trlio«ifK»rr«  one-tvllrd.  catenulate  with 
frw  tporm  in  a  chain,  the  terminal  Hpcirm  readily  aeparating  upon  germinatitm; 
urrtimia  a«  in  the  prn'«*dinic.  ....    (EROTRLit-M 

CHRiiTKLil'M  (^ANAVAIJAK  Arth.  ( tyfH*  of  Cerotflium),  on  Canavalia 
ensiformis  and  C\  i*ladiaia  (Fabaceae),  I*orto  Rico. 

CeroteUttin  Fid  (('aNt.)  comb.  nov.  [Uredo  Fici  (\ist.,  Uredo Jidna 
Juel,  Physopella  Fici  Arth.,  Kuehneola  Fid  Butl.),  on  Fit  us 
j»pp.,  Toxylon  pomiferum,  Broussonetia  papyri  f era,  Morus 
indica  {Art(K'arpa(eae),  in  all  tropical  revcionh,  chiefly  as 
uredinia. 

CeroteUum  Vitil  fButl.i  romb.  nov.  iChrysomyxa  Vttis  Butl, 
Kuehneola  Viti%  Sy<l.»,  on  Ampehnissm  latifolia  iX'ilaccat", 
India. 
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Cerotelium    Gossjrpii    (Lagerh.)    comb.    nov.    (Uredo    Gossypii 

Lagerh.,    Kuehneola    Gossypii    Arth.),    on    Gossypium    spp. 

(Malvaceae),  tropical  Asia  and  America. 
Cerotelium-  peregrinum  (Syd.  &  Butl.)  comb.  nov.  {Kuehneola 

peregrina  Syd.  &  Butl.),  on  Clerodendron  sp.  (Verbenaceae), 

India. 
Cerotelium  Lanneae  (Hohn.)  comb.  nov.  {Uredo  Lannea^  Hohn., 

Kuehneola  Butieri  Syd.),  on  Odina  Wodier  (Anacardiaceae), 

India  and  Java. 
Cerotelium  Spondiadis   (Fetch)   comb.   nov.  {Uredo  Spondiadis 

Fetch,  Kuehneola  aliena  Syd.  &  Butl.),  on  Spondias  mangifera 

(Anacardiaceae),  India. 
Cerotelium  Eviae   (Rac.)  comb,  nov,  {Dielelia  Eviae  Rac),  on 

Spondias  {Evia)  spp.   (Anacardiaceae),  Java.     It  is  possible 

that  this  and  the  preceding  species,  C  Spondiadis,  may  be 

identical. 

Telia  erect,  filiform,  erumpent,  waxy,  becoming  corneous,  the  teliospores  one-celled, 
in  long,  indistinguishable  chains,  not  separating  upon  germination;  uredinia  as 
in  the  preceding Cronartium 

Cronartium  flaccidum  (A.  &  S.)  Wint.  (type  of  Cronartium), 
on  Asclepias  spp.,  etc.  (Asclepiadaceae,  etc.),  Europe  and  Japan. 

Cronartium  Byrsonimatis  P.  Henn.,  on  Brysonima  coccolobijolia 
(Malpighiaceae),  South  America,  a  species  with  uredinia  having 
imbricated  paraphyses. 

Cronartium  Zizyphi  (Pat.)  Syd.  &  Butl.,  on  Zizyphus  sp. 
(Rhamnaceae),  India,  a  species  with  uredinia  having  imbri- 
cated paraphyses. 

Telia  erumpent.  velvety,  the  teliospores  one-celled,  catenulate  with  many  spores  in 
spreading,  free  chains;  uredinia  apparently  as  in  the  preceding,  but  the  para- 
physes hyphoid,  inconspicuous,  or  none;  pycnia  accompanying  primary  uredinia. 

Kuehneola 

Kuehneola  Uredinis  (Link)  Arth.  (type  of  Kuehneola),  on 
Rubus  spp.  (Rosaceae),  North  America,  Europe,  and  Southern 
Africa. 

Kuehneola  andicola  (Diet.  &  Neg.)  Diet.,  on  Rubus  geoides 
(Rosaceae),  South  America. 

Kuehneola  japonica  Diet.,  on  Rosa  spp.  (Rosaceae),  Japan. 


Digitized  by  VjOOQIC 


Arthur:  Relationship  of  genus  Kuehneola        511 

Ki  EHNEOLA  Markhamiae  (P.  Henn.)  Syd..  on  Markhatnia  sp. 

(Bignoniaceae),  E^st  Africa. 
KiEHNEOLA  MALVicoLA  Arth.,  on  Mahoviscus  and  Hibiscus  spp. 

(Malvaceae),  tropical  America. 

AECIDIACEAE   (Pucciniaceae) 

Triu  rrumpent.  the  tdiocporcs  frev,  pedicellate,  cells  uniseriate  or  rarely  one.  the 
pores  one  in  each  cell  and  placed  apically;  uredinia  both  primary  and  secondary, 
no  paraphyses  or  peHdium  with  the  former,  inconspicuous  peripheral  paraphyses 
with  the  latter,  or  none;   pycnia  accompanying  primary  uredinia Frommba 

Frommea  obtusa  (Strauss)  Arth.,  on  Potentilla  spp.  (Rosaceae), 

North  America  and  Europe. 
Frommea  Duchesneae  Arth.,  on  Duchesnea  indica  (Rosaceae), 

North  America. 
Frommea  Polylepidis  Arth.,  on  Polyltpis  sp.  (Roeaceae),  South 

America. 

P\  aot-B  UNivaasiTY. 

LArAYKTTE.    INDIANA 
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The  guavas  of  the  Hawaiian  Islands 

VAirCHAN   MacC^AVGHBY 

The  guava«»  comprise  a  valuable  and  widely  distributed  genus 
{Psidium  L.)  of  tropical  and  subtropical  fruit  trees  and  shrubs. 
Thi'N'  are  indigenous  to  America,  but  numerous  species  are  now 
thoroughly  established  in  many  of  the  warmer  parts  of  Africa, 
Asia,  Oceanica.  and  other  regions.  There  are  about  150  known 
^^Ht  ies,  and  presumably  a  large  number  of  forms  in  South  and 
Central  America  that  are  still  undescribed. 

Seven  or  more  species  and  forms  have  l)een  established  in  the 
}{awaiian  Archipelago  since  early  times  and  now  constitute  an 
imfx)rtant  element  in  the  lowland  flora.  The  Hawaiian  Islands 
^ere  discovere<l  by  the  Spanish  in  1555,  over  two  hundred  years 
U'fore  the  discovery  by  the  great  English  circumnavigator,  (^aptain 
('<*ok.  Although  historical  data  concerning  thc*se  two  centuries 
is  ver>'  scanty,  there  is  little  doubt  but  that  the  Spaniards  visited 
the  islands  repeatedly,  and  accidentally  or  purposely  intnxluced 
\arious  Mexican,  Central  American,  and  West  Indian  plants. 
The  common  guava  in  its  several  forms  was  introduced  either 
<luring  this  jK*ri(xl  or  within  a  relatively  short  time  after  the 
<lis<'over>'  by  C\)ok.  It  was  spread  rapidly  from  island  to  island 
and  kxality  to  l<Kality  and  has  now  become  a  dominant  w(K>dy 
weed  in  many  lowland,  valley,  and  foothill  regions.  It  possi^sscs 
all  the  attributes  essential  for  aggression-  great  hardihcxxl  with 
rrftTent^  to  untoward  conditions;  rapid  growth;  deep  r(X)ts; 
ability  to  thrive  on  scanty  water  supply;  |x>wer  of  flourishing  on 
rough,  nxky  grouml;  prcxiuction  of  sturdy  r(K>t-sprouts  in  great 
numlxTrs;  prolific  and  almost  continuous  fruit  prcxluction,  with  vast 
numlxfrs  of  viable  see<ls;  rtsistance  to  instn  t  and  fungus  jx*sts; 
notable  jxiwers  of  disst-niination. 

The  fruits  of  «ili  ihr  s(h-(  ics  are  attractive  to  animals,  and  the 
M-e<ls  of  the  v^ild  ki'«»^'»*»  *ire  >\i(ltly  s<attere<l  throuv;lH»iit  the 
islands,  lx)th  on   the  luwlaruU  .xml  \\\   the  mountains,   |»y  nie.ms 
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of  wild  and  domestic  live-stock  and  birds.  The  Chinese  dove 
{Turtur  chinensis),  mynah  bird  (Acridotheres  tristis),  rice  bird 
(Carpodacus  mexicanus  obscurus),  sparrow  (Passer  domestkus), 
Chinese  reed-warbler  {Trochalopterum  canorum),  and  other  intro- 
duced birds,  as  well  as  the  steadily  decreasing  indigenous  birds,  all 
feed  freely  upon  the  guavas,  and  disseminate  them  to  the  most 
remote  regions.  The  wild  swine,  goats,  sheep,  and  cattle  also 
feed  uf>on  the  fruits,  and  assist  in  the  distribution  of  these 
ubiquitous  plants.  Numerous  insects,  especially  of  the  Orthop- 
tera,  gnaw  holes  in  the  ripening  fruit,  and  devour  the  pulpy 
interior. 

As  a  result  of  their  marked  adaptability  to  local  conditions 
the  Hawaiian  guavas  have  become  serious  p«sts,  particularly  on 
the  arable  lands.  The  wild  guava,  together  with  Hawaii's  other 
chief  woody  pest,  the  lantana  {Lantana  Camara  L.),  occupy 
thousands  of  acres,  to  the  practical  exclusion  of  indigenous  vege- 
tation. The  main  guava  zone  is  in  the  lowland  area,  including 
the  valleys,  ridges,  and  foothills,  up  to  an  elevation  of  about 
300  meters.  Isolated  trees  are  not  uncommon  above  this  level,  but 
the  great  tracts  of  almost  unbroken  guava  "scrub*'  lie  below  it. 
On  the  islands  of  Maui  and  Hawaii,  which  rise  to  3,000  and  4,200 
meters,  respectively,  the  upper  limit  of  the  guava  scrub  is  usually 
about  100  meters,  but  the  general  proportions  of  the  zones  are 
about  the  same  as  on  the  lower  islands. 

Land  desired  for  agricultural  purposes,  that  has  become  over- 
grown with  guava  scrub,  is  very  difficult  to  clear.  The  roots  are 
so  deep,  tough,  and  interwoven  that  their  removal  necessitates 
arduous  hand  labor;  they  cannot  be  plowed  up  by  ordinary- 
methods.  Moreover,  the  roots  are  so  long-lived,  even  when  cut 
into  fragments,  and  sprout  so  freely,  that  every  piece  must  be 
removed  from  the  soil  if  the  clearing  is  to  be  permanent.  In 
hurried  or  careless  clearing  of  the  land,  when  many  roots  are  left, 
they  quickly  send  up  vegetative  shoots  and  again  take  possession 
of  the  soil.  So  laborious  is  the  clearing  of  guava-land  that  the 
usual  contract  price,  in  the  vicinity  of  Honolulu,  is  from  fifty  to 
one  hundred  dollars  per  acre,  varying  with  the  density  of  the 
scrul:)  and  the  stoniness  of  the  land. 

On  side-hills  and  valley  slopes  and  other  waste  land  that  has 
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no  agricultural  value,  the  guava,  like  its  close  associate  the 
Ian  tana,  is  a  beneficial  plant.  It  improves  the  soil,  both  in  phys- 
ical character  and  in  nutritive  content;  it  checks  erosion:  and 
gradually  ameliorates  otherwise  barren  and  unattractive  areas. 
The  guava  is  a  successful  and  valuable  pioneer,  although  difficult 
to  eradicate  when  the  land  is  needed  for  other  purposes.  The 
great  areas  of  guava  scrub  that  are  distinctive  of  so  many  of 
Hawaii's  lowland  regions  have  a  commercial  value  as  bee-pasture. 
The  flowers  are  fragrant  and  highly  nectiferous,  and  yield  an 
excellent  grade  of  honey.  The  wild  guava  has  high  rank  among 
the  honey-plants  of  Hawaii. 

In  addition  to  the  wild  forms  of  guava,  which  are  so  common 
throughout  the  lowlands,  there  are  a  number  of  choicer  varieties 
occurring  only  in  cultivation.  These  are  restricted  to  the  larger 
estates,  tropical  gardens,  and  older  plantations,  where  the  less  com- 
mon tropical  economic  plants  receive  sjx?cial  consideration.  The 
Hillebrand  ganlens,  the  Moanalua  estate,  the  Jaeger  gardens, 
.\inhau.  and  ganlens  in  the  older  settlements  at  Waimea,  I^aina, 
Kohala.  and  Hilo,  are  examples  of  situations  where  the?»e  \v>s 
generally  known  forms  are  to  Ix?  found. 

The  genus  Psidium  is  myrtaceous,  and  nearly  related  to  Myrtus, 
Euiimia,  and  Puni4:a.  The  generic  name  is  from  the  («reek  psidion, 
meaning  fximegranate,  a  fanciful  reference  to  the  fruit.  (>uava 
is  from  the  native  (iuiana  name,  ^tiayaba.  The  genus  com- 
prisi-s  low-growing  tret*s  or  8hrul)s,  characterize<l  by  leaves 
%vhirh  are  opposite,  petiolate,  glabrous,  puln^scent  or  tomentose, 
and  pinnately  veine<l.  The  flowers  are  solitar>'  or  few  (one  to 
thn'e,  rarely  many),  on  axillary  or  lateral  fXHlunclts;  they  are 
UHually  rather  large  and  whitish.  The  calyx-tuln'  is  urcet>late  or 
pyriform.  adnate  at  the  base;  IoIk's  four  or  five,  jxTsistent;  upper 
free  fxirtion  en  I  in*  an<l  sometimes  clost*d  over  tht^  flower  in  the 
bud,  and  later  coming  r)ff  entire  or  splitting  irregularly  into  two 
to  five  loU*^.  The  jKtals  are  four  or  five.  frt»e  and  sprcujing. 
The  stamen**  are  numerous,  (]isf>oM*<l  in  many  M*ries  and  inserted 
Uf)on  the  fli^k;  hlanunts  filiform;  antlx'rs  ohionv;  <»r  linear, 
kisifixed,  and  Ion^iiii<lliMlly  (UliiMont.  Tlu*  ovary  has  two  to 
s4'ven,  rommonlv  four,  IfK  ults,  with  main  (>\  uirs  in  ea(  !i  hn  uli*. 
inMTted  nn  bihd.  a\ilc  pl-iccDl  t^.       I  lu*  st\lr  is  sIciiHcr,  the  stigma 
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peltate  or  subcapitate.  The  fruit  is  a  berry,  in  shape  ovoid, 
globose  or  pyriform,  and  about  2.5-7.5  cm.  long  and  crowned 
with  the  calyx-limb.  The  skin  is  thin  and  delicate,  yellow  to  red 
in  color,  sometimes  green.  The  seeds  are  few  to  numerous, 
small,  hard,  kidney-  or  horseshoe-shaped;  the  embryo  curved,  with 
a  long  radicle  and  short  cotyledons.  The"  guavas  are  all  readily 
propagated  from  seed,  and  often  fruit  the  second  year  from  seed. 
The  fruit  of  none  of  the  horticultural  forms  is  suitable  for  shipping, 
as  it  is  too  delicate,  and  ripens  too  quickly.* 

The  Common  Yellow  Guava 
This  species,  P.  Guajava  L.,  in  its  several  forms,  is  the  most 
abundant  representative  of  the  genus  in  the  Hawaiian  flora. 
It  is  also  called  lemon  guava,  or  wild  guayaba  although  these 
names  are  not  distinctive.  The  Spanish  name  is  guayaba^  and 
the  aboriginal  Mexican  name,  xalxocoil.  It  ranges  from  Mexico 
to  Central  America  and  Peru.  It  is  highly  variable,  and  has 
many  horticultural  forms,  which  are  not  thoroughly  known.  The 
two  varieties  that  are  commonly  given  in  the  literature,  **pomu 
ferum''  and  '' pyriferum,''  referring  to  the  shape  of  the  fruit, 
are  no  longer  given  botanic  status,  as  they  represent  indefinite 
variations.  In  California  a  variety  is  known  to  the  trade  as 
** Hawaiian  Guava'* — it  has  a  yellow  skin  and  pink  flesh — but 
has  not  been  demonstrated  to  be  a  genuine  variety. 

♦  Engler  &  Prantl  (Nat.  Pflanzenfam  3':  67-69),  give  the  following  character- 
ization of  the  genus: 

Psidium  L.  {Acca  Berg,  Calyptropstdium  Berg,  Milranthes  Berg  z.  T.)  BlUtenachse 
meist  gestreckt.  ±  Uber  den  Frkn.  hinaus  verlSngert.  Kelch  verwachsenbl&ttrig. 
beim  Aufbliihen  mit  meist  bis  zum  Staminaldiscus  reichenden  LsUigrissen  in  die 
einzelnen  B.  oder  unregelmassig   zerreissend.  sehr  selten  haubenartig  abgesprengt. 

A.  oval  bis  linear,  dorsifix.  N.  knopfig;  meist  4-5  (2-7)  Frb.,  die  nicht  ganz  bis  zur 
Achse  verwachsen,  so  dass  die  Placenten  parietal  bleiben  und  in  jeder  Kammer  einen 
oblongen  Kranz  bilden. — Alles  iibrige  wie  bei  Myrtus;  nur  die  (meist  behaarten) 

B.  und  die  Bl.,  Uberhaupt  die  ganzen  Pfl.,  durchschnittlich  kraftiger. 

Their  synopsis  of  the  genus,  with  typical  species,  is: 
Sect.  I.     Apertiflora  Ndz. 

A.  Oblongifolia  Ndz.:  P.  ciliatum  Benth.;  P.  aromaticum  Aubl. 

B.  Obversifolia  Berg. :  P.  Catlleyanum  Sabine. 

C.  Albotomentosa  Berg:    P .  incanescens  "bA^xt.',  P.  grandifolium  Mart. 
Sect.  2.     Calvptrata  Ndz. 

A.  Integrifolia  Ndz.:  P.  Guayava  Raddi;  P.  AroQa  Raddi. 

B.  Crenatifolia  Berg:  P.  slriatulum  DC;  P.  fiuviaiiWRxch. 
Sect.  3.     Calvptropsidiim  Berg:  P.  eugenioides  (Comb.)  Ndz. 
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The  common  guava  is  an  arborescent  shrub  or  small  tree, 
sometimes  rising  to  the  height  of  9-12  m.,  but  usually  only  3r6  m. 
The  trunk  is  slender,  and  usually  divides  close  to  the  ground  into 
a  number  of  sinuous  stems.  The  outer  bark  exfoliates  in  large 
brittle  flakes  or  scales,  exposing  the  beautiful  smooth,  greenish 
brown  inner  bark.  The  mottled  trunk  of  the  guava  is  very  attrac- 
tive and  has  distinct  ornamental  value.  The  young  branches 
are  pubescent  and  four-angled  or  winged.  The  leaves  are  ovate  to 
oblong-elliptic,  8-15  cm.  X  5-7  cm.;  apex  usually  acuminate, 
base  rounded;  light  green,  chartaceous,  glabrous  above,  soft 
pubescent  beneath.  The  principal  veins  are  very  prominent, 
impressed  above  and  raised  below.  The  petiole  is  short,  5-7  cm. 
in  length. 

The  flowers  occur  on  the  branches  of  recent  growth;  they  are 
white,  fragrant,  and  in  clusters  of  one  to  three  on  axillary  peduncles 
1-2.5  c^'  l^ng.  The  pedicels  are  about  1.5  cm.  long,  and  bear 
two  small,  slender  bracts  at  the  upper  end.  The  calyx-tube  is 
oblong-ovate,  slightly  constricted  above  the  ovary.  The  calyx  is 
closed  before  anthesis,  splitting  into  two  to  four  irregular  segments, 
whitish  and  sparsely  hairy  within.  The  petals  are  broadly  oval, 
alK>ut  1.5  X  I  cm.,  thin,  delicate,  and  white.  The  stamens  are 
erect  or  spreading,  in  a  broad  cluster;  filaments  i  cm.  long, 
anthers  pale  yellow.     An  abundance  of  nectar  is  produced. 

The  fruit  is  globose,  ovoid  or  pyriform.  It  is  7-10  cm.  long, 
and  weighs  140-225  g.  The  rind  is  somewhat  rough,  and  changes 
in  a>lor  from  dark  green  to  brownish  yellow  and  finally  to  clear, 
deep  yellow.  The  flesh  is  whitish,  yellowish,  or  dark  pink,  usually 
the  latter,  and  cc>mpris€*s  two  regions  an  outer  layer,  just  beneath 
the  rind,  which  is  firm  and  finely  granular;  and  a  more  extensive 
inner  mass,  of  soft,  juicy  material.  The  flavor  is  sweet  or  some- 
what acid;  the  distinctive  feature  is  the  pronounced  musky  aroma, 
which  is  very  penetrating.  This  aroma,  which  ib  highly  develof)ed 
in  fully  mature  fruit  of  gcKxi  quality,  is  very  .igreeable  to  some 
people  and  quite  unpleasant  to  others.  The  seeds  are  numerous, 
reniform  or  flattened. 

The  common  Kuava  is  the  chief  source  of  the  ^uava  jelly  of 
commerce.  I^rge  quantities  of  Ki'»»^'*i  }^'^W  «"^<'  j*'"^  ''^e  niarju- 
factured  Icxally,  by  the  oritntalH,  f*<>rtUKUcs<',  and  (jthers.     Every 
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little  wayside  Chinese  shop  carries  a  stock  of  guava  jelly.  An 
excellent  grade  of  jelly  is  made  by  the  American  preserving  firms 
for  local  use  and  for  export  to  the  mainland.  However,  the 
manufacture  of  guava  jelly  is  not  as  important  an  industry  in 
Hawaii  as  it  is  in  many  other  tropical  countries,  such  as  the  West 
Indies,  South  America,  and  India.  '*Goiabada'*  is  made  and 
sold  in  large  quantities  in  Brazil;  it  is  a  thick  guava  jam.  A 
similar  stiff  paste  is  sold  in  the  West  Indies  and  Florida  as  '* guava 
cheese."  Guavas  are  offered  for  sale  in  the  various  local  island 
markets,  and  in  Honolulu  are  peddled  from  door  to  door  by  the 
Portuguese  children,  who  gather  the  wild  fruit.  The  wide  range 
of  guavas  in  the  dietary  of  white  people  living  in  the  tropics  is 
well  indicated  by  reference  to  standard  Honolulu  cookbooks,* 
where  many  recipes  are  given. 

In  the  Hawaiian  Islands  the  guava  is  so  common  as  a  weed 
of  the  roadsides  and  wastelands  that  little  attention  is  given  to 
its  culture.  Dependence  is  placed  upon  the  abundant  supply  of 
wild  fruit,  rather  than  uf)on  planted  trees.  In  India,  the  West 
Indies,  and  other  countries  where  this  species  is  not  so  abundant, 
the  trees  are  easily  raised  from  seed.  The  seedlings  are  trans- 
planted when  two  or  three  years  old,  and  bear  fruit  one  or  two 
years  after  planting.  Occasionally  a  plant  will  bear  fruit  the 
second  year  from  seed,  but  this  is  unusual.  The  prolific  produc- 
tion of  root-sptouts  has  been  mentioned;  this  habit  affords  a 
very  easy  method  of  propagating  the  plant. 

The  guava  is  used  in  parts  of  India  for  dyeing.  By  boiling 
the  leaves  and  bark  with  certain  other  plants,  a  black  color  is 
obtained,  and  used  for  dyeing  yarn  or  cloth.  The  leaves,  either 
alone  or  with  mango  leaves,  are  used  by  the  poorer  classes  for 
tanning.  Astringency  is  a  characteristic  prof)erty  of  the  plant, 
and  the  roots,  leaves  and  fruits  are  utilized  medicinally  for 
diarrhoea,  scurvy,  and  similar  ailments.  The  leaves  are  com- 
monly used  in  India  in  the  preparation  of  poultices. 

Guava  wood  is  whitish  or  pale  yellowish,  moderately  hard, 
even-  and  close-grained,  and  weighs  about  42  lbs.  to  the  cubic  foot. 
It  works  easily  and  smoothly,  and  takes  a  beautiful  polish.     In 

♦  See,  for  example,  Turner,  Jessie  C,  &  Alexander,  Agnes  B.  How  to  use 
Hawaiian  fruits,  30-34.     Honolulu.     19 10. 
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some  countries  it  is  used  for  tools,  spear  handles,  etc.,  but  has  no 
special  uses  of  this  kind  in  Hawaii.  Here  it  is  of  much  importance 
as  a  source  of  charcoal,  and  is  cut  and  prepared  by  the  orientals 
for  this  purpose.  In  excursions  across  country  through  the  guava 
scrub,  one  commonly  passes  the  little  huts  and  furnaces  of  the 
charcoal  burners  and  finds  the  men  and  women  themselves, 
lalx)riously  cutting  the  saplings,  reducing  them  to  proper  length, 
and  tending  the  adobe  furnaces. 

The  Mediterranean  fruit-fly  {Ceratitis  capitate),  which  before 
the  introduction  of  its  insect  parasites*  seriously  infested  a  great 
variety  of  both  native  and  introduced  fruits  in  Hawaii,  was  exceed- 
ingly plentiful  in  the  guavas.  It  attacked  all  of  the  local  forms, 
but  was  particularly  abundant  in  the  strawberry  guava  and  the 
wai-awi  guava.  For  a  numl)er  of  years,  until  the  introduced 
parasites  became  effective  in  their  control  work,  there  were  com- 
paratively few  uninfested  guavas  in  the  region  of  Honolulu  and 
its  adjacent  valleys.  An  estimate,  based  upon  the  examination 
of  thousands  of  fruits  in  the  field  during  this  period,  would  indicate 
that  eighty  per  cent,  of  the  guavas  at  any  given  time  were  infested 
by  the  fruit-fly.  During  the  past  two  years,  1915-16,  the  infesta- 
tion has  not  been  so  serious,  owing  to  a  gradual  readjustment  of 
the  pe?»t  to  control  factors. 

The  common  white  mealy  bug  {Pseudococcus  nipae),  which 
infests  the  grape,  fig,  avocado,  annonas,  etc.,  and  several  sf)ecit»s 
of  aphids  are  ver>'  common  on  the  guava  foliage.  Their  favorite 
habitats  are  along  the  prominent  veins,  on  both  surfaces  of  the 
leavt*s.  They  are  most  abundant  on  the  older  leaves,  as  the  very 
young  leaves  are  quite  tomentose.  The  cottony  guava  scale 
iPutinnaric  psidii),  and  the  pepjKT-tree  Male  (Aspidiotus lantanicf) 
are  also  plentiful  on  lM)th  wild  and  cultivated  guavas.  Fuller's 
n>se  l>eetle  (Arami^us  fuUrri)  fee<ls  to  a  great  extent  on  guavas 
on  the  inlands  of  Molokai  and  Hawaii.  A  l)ark  beetle  {XyUborus 
a  finis)  is  recordtxl  as  attacking  the  wild  guavas  on  Kauai,  esjx;- 
cially  the  wai-awi  variety. 

A  numlK-r  of  fungus  disea.s^s  (k cur  on  the  guava,  but  none  are 
apf>arently  of  any  WTious  detriment  to  the  plant.  The  common 
HfK)ty  mold  {Mfliola  Camelliae  (Catt.)  Sacc.)  which  infcnts  a  wide 

*  GaUtut  ttitntrtt  Kirttrr.  Dirhinu*  f^tffarJtt  Silv.,  anrl  Ofnus  hum$lis  Silv. 
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variety  of  plants  in  Hawaii — banyan,  fig,  avocado,  citrus  fruits, 
and  others — is  exceedingly  pestiferous  on  the  guava  in  many 
districts.  It  coats  the  foliage  and  young  branches  with  an  ugly 
black  incrustation  and  is  obviously  an  inhibiting  factor  in  photo- 
synthesis, transpiration,  and  respiration.* 

The  guava  fruit-rot  is  caused  by  Glomerella  Psidii  (G.  Del.) 
Sheldon,  and  is  more  or  less  common  in  the  West  Indies,  Florida, 
and  California.  This  fungus  is  closely  related  to  the  most  destruc- 
tive apple  disease  in  the  United  States,  namely  the  bitter-rot 
(G.  rufotnaculans  [Berk.]  Spaulding  &  Van  Sch.).t  The  guava 
fruit-rot  first  appears  as  brown  decaying  spots  here  and  there  on 
the  rind.  These  diseased  areas  are  finally  covered  with  masses 
of  salmon-pink  spores.  As  the  fungus  continues  its  activity  within 
the  fruit,  the  latter  gradually  rots,  and  becomes  wrinkled  and 
shrunken.     This  disease  is  not  prevalent  in  Hawaii. 

2.  The  Sweet  Red  Guava 
This  is  a  variety  of  the  common  yellow  guava  and  has  the 
general  characters  of  the  latter.  It  requires  a  more  humid  habitat 
and  is  characteristic  of  the  upper  valleys,  ravines,  and  higher 
levels.  The  flesh  is  deep  pink,  and  is  firm  and  sweet.  This  form 
may  be  the  classical  **potniferutn*'  variety. 

3.  The  White  Lemon  Guava 
This  is  a  cultivated  variety  of  P.  Guajava,  and  occurs  in  a 
number  of  the  island  gardens.  The  shrub  usually  grows  more 
erect  and  arborescent  in  habit  than  do  the  others  in  this  group. 
The  fruit  is  pyriform  (the  '' pyriferum''  variety  of  the  literature), 
and  often  is  three  inches  in  length.  The  skin  is  rough  and  greenish 
white  or  yellowish  in  color.  The  flesh  is  white,  and  quite  sweet 
in  flavor,  with  a  delicate  aroma.  This  is  a  choice  fruit  for  eating 
out  of  hand,  or  for  serving  sliced  on  the  table. 

4.  The  Wai-awi  Guava 
The  so-called  ''white  guava"  was  introduced  into  the  islands 
at  a  very  early  date  and  is  now  abundant.      It  often  occurs  far 

♦  See  Webber,  H.  J.  Sooty  mold  of  the  orange  and  it«  trealment.  U.  S.  £>ept. 
Agr.  Div.  Phys.  &  Path.  Bull.  13:  i-34-  pl  'S-  iSp?- 

tSee  Halsted,  B.  D.  Laboratory  studies  of  fruit  decays.  N.  J,  ^gr.  Ezpt. 
Sta.  Rept.  1892,  326-330. 
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up  in  the  mouil tains  and  ravines,  surrounded  by  indigenous 
vegetation,  and  giving  no  hint  of  its  exotic  origin.  It  is  quite  dis- 
tinct from  the  common  guava,  in  habit,  foliage,  and  fruit,  and  un- 
doubtedly deserves  specific,  or  at  least  subspecific,  rank.  It  is  a 
graceful,  s>'mmetrical,  tall  shrub  or  tree,  with  smooth  trunk  and 
branches,  and  a  handsome  crown  of  very  dark  green,  glossy  foliage. 
In  favorable  situations,  where  the  humidity  is  sufficient,  the 
wai-awi  guava  attains  a  height  of  6- 12  m.,  although  ordinarily  it  is 
3.5  6  m.  The  leaves  are  small,  oval,  smooth  and  glossy,  and  are 
crowde<l  towards  the  ends  of  the  branches.  The  sprays  of  foliage 
are  of  distinct  l)eauty.  The  flowers  are  white  and  very  fragrant. 
The  wai-awi  guava  is  a  prolific  producer  of  fruit,  and  bears  more 
or  k>^^  continuously  throughout  the  year.  The  fruit  is  small, 
2.5  5  cm.  long,  ovoid,  and  thin-skinned.  It  is  rich,  clear  yellow 
in  color,  and  the  flesh  is  yellow  and  juic>'.  This  variety  does  not 
form  continuous  scrub  stands,  but  grows  here  and  there,  as  isolated 
indt\nduais  or  in  small  clumps.  The  birds  feed  eagerly  upon  its 
fruits  and  have  carried  it  into  nearly  all  the  valleys. 

An  interesting  feature  of  the  guava  in  Hawaii  is  that  numerous 
forms  of  the  endemic  and  highly  precinctive  arboreal  molluM  s 
(Achaii  nrllidae),  have  migrated  onto  the  guavas.  Messrs.  J.  S. 
and  Oliver  Emerson,  who  have  made  large  collections  of  the  Hawai- 
ian snails.  rejK)rt  that  Achatinella  phaezona,  A,  fulgens  and  its 
plumata  p^ittem,  A,  cestus  and  A,  rutila,  all  occur  in  the  wai-awi 
guava,  in  ^u^h  regions  as  Ke-awa-awa,  Niu,  and  Wailupe  Valleys. 
<>n  the  common  guava  they  have  found  A,  stewartii  {adusta  jKil- 
teni).  A.  turf^ida,  and  Auriculelh  puhhra^  the  latter  lieing  ex- 
ctt"<lingly  plentiful.     The   nonienriature    is    that    of    ('cK)ke    and 

Pilshry. 

5.   Thk  (ii  isaro  (ii  ava 

The  guisaro,  P,  molle  Bertol..  is  also  known  as  the  sour  guisaro, 
or  gimyaha  aiida.  It  is  n«itive  to  Mexico  and  (Vntral  America 
Ijut  has  ln^i-n  intrcxiuccd  into  Florida  and  California.  It  \%as 
introduced  into  the  H.iwaii.m  Inlands  by  Mr.  A.  Jat-Ktr,  .uui 
hjjecimens  iKcur  in  H<»no!ulu  ^aniens.  The  giiisnro  '\*>  a  iow- 
gnming.  sit-nder,  str.iK:v;liiivi  shruh  or  sin.ill  Xrw.  The  >'oung 
branchlelH,  jHtlunrle^.  and  lo\Krr  sur laces  df  the  leavt*^  are  reddish 
velvety.     The    leaxe^    .ire    *»\  .il-ohhuiv;,    7.5    \2    <in.    Iniit;,    .i|hx 
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apiculate,  base  obtuse  or  shortly  acute;  stiff,  chartaceous,  light 
green,  rough  or  puberulent.  The  peduncles  are  erect  and  three- 
flowered.  The  flowers  are  white  and  fragrant.  The  fruit  is 
abundant;  spherical,  2.5  cm.  in  diameter;  the  rind  is  brownish 
green,  becoming  pale  yellow  when  mature.  The  flesh  is  white, 
acid,  and  inferior  in  quality  and  aroma.  This  species  is  not 
recommended  for  planting,  as  its  fruits  lack  the  rich  flavor  of 
P.  Guajava, 

6.  The  Red  Strawberry  Guava 

This  species,  P.  Cattleianum  Sabine,  is  also  known  as  the 
Chinese  guava,  or  purple  guava.  It  is  a  native  of  Brazil  and  is 
there  called  ara^a  de  pray  a.  It  is  one  of  the.  hardiest  species. 
Within  relatively  recent  years  it  has  been  introduced  into  Florida, 
California,  and  Hawaii.  *  Like  the  others,  it  is  a  shrub  or  small 
tree,  5-8  rri.  high.  The  bark  is  smooth  and  greenish  brown;  the 
branchlets  are  glabrous.  The  leaves  are  obovate-elliptic,  6-9  cm. 
long,  apex  acute,  base  acute  to  cuneate;  thick  and  leathery,  dark 
green,  and  glossy.  Like  the  wai-awi  guave,  it  is  in  flower  and  fruit 
almost  continuously  throughout  the  year.  The  peduncles  are 
axillary  and  one-flowered;  the  flowers  are  white  and  fragrant. 
The  calyx-tube  is  turbinate,  four-  to  five-lobed;  the  lobes  are 
broadly  oblong;  petals  obovate,  thin;  style  slender;  stigma 
peltate;  ovary  four-locular. 

The  fruit  is  spherical  or  ovate,  2.5-3.5  cm.  in  diameter;  rich 
dark  purplish  or  claret  red  when  mature.  The  skin  is  very  thin 
and  tender.  The  flesh  is  soft,  juicy,  and  melting  in  texture;  it  is 
reddish  next  to  the  skin  and  white  toward  the  center.  The  flavor 
is  very  fine,  acid-sweet,  and  aromatic,  and  likened  to  that  of  the 
strawberry.  It  lacks  the  pungency  of  P.  Guajava,  There  are 
many  small,  hard  seeds.  The  sugar  content  of  the  guava  is  not 
high.  The  strawberry  guava  contains  more  acid  than  the  other 
varieties  but  is  less  acid  to  the  taste. 

Although  very  satisfactory  for  jellies  and  jams,  the  strawberry 
guava  is  too  fragile  for  shipment  as  fresh  fruit.  The  Hawaii 
Station*  carried  on  some  cold  storage  experiments,  which  were 
summarized  as  follows: 


♦Wilcox,  E.  v.,  &  Hunn.  C.  J.  Cold  storage  for  tropical  fruits.      Haw.  Agr. 
Exp.  Sta.  Press  Bull.  47.     1914- 
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A  frw  fruiu  of  the  ftrawbeiTy  guava  (Psidium  caUUianum)  were  placed  in  cold 
fftorage  in  the  32**  and  36^  F.  rooms.  This  fruit  if  one  of  the  preferred  host  plants 
of  the  fruit  fly.  and  a  part  of  the  fruit  used  in  the  experiment  was  infested.  The 
fruit  was  picked  in  a  nearly  ripe  condition.  The  strawberry  guava  is  not  well 
adapted  to  cold  storage.  Practically  all  of  the  fruit  was  shriveled  and  fermented 
or  decayed  within  one  month  in  both  the  32^  and  36^  F.  rooms.  Mildew  developed 
abundantly  on  the  rind  and  only  a  few  of  the  fruits  kept  their  normal  flavor  and 
appearance  more  than  two  weeks. 

Analyses  of  various  Hawaiian  fruits  were  made  by  the  Hawaii 
Agricultural  Experiment  Station  in  1914,  and  the  guavas  were 
reported  as  follows,  the  numbers  representing  percentages: 


V  Edible  I     ,:  ,  .   .  Total       "         _  .,  ^ 

^••■'  portion        Total  .olUi.,         A»b  ^^^  Fai  Kibrr 


P.  GU4tJ9tC 

1 

('ommon 

.     84/>g 

17.78 

531 

738 

•534 

4.445 

White 

87.76     ' 

18-75 

.676 

8.i6 

.412 

5.i«5 

Trmidad 

86.6a 

I54J 

.651 

634 

■353 

4435 

P  Cattleianmm 

Chinrnr 

9801 

30.08 

.^35 

10.01 

.418 

3.868 

Common 

98.60 

18.27 

.743 

4.4ft 

.554 

6.146 

Common 

81.16 

2.V7.S 

•755 

5^3 

790 

9.378 

7.  The  Yellow  Strawberry  (iuAVA 

This  is  P.  Cattleianum  var.  lucidum  Hort.,  often  listed  in  the 
trade  catalogues  as  P,  lucidum,  P,  chinense,  and  P.  sinense.  It  is 
sometimes  called  Chint*se  guava.  It  is  cxxasionally  cultivated  in 
the  Hawaiian  Islands,  but  is  not  common,  and  does  not  occur 
i*ild.  It  is  a  low-growing  shrub,  with  olx)vate  leaves,  white 
flowers,  and  fruit  spherical,  3  3.5  cm.  in  diameter,  and  deep 
sulfur  yellow  in  a)lor.  The  flesh  is  sweet,  yellow,  and  more 
delicately  flavoretl  than  that  of  the  speiies. 

There  are  several  other  sfKties  of  guava  that  are  of  horti- 
cultural importance  in  other  parts  of  the  world,  but  not  (KTurring 
in  the  Hawaiian  Islands.  P,  Frirdruhsthalianum  (Berg)  Xie<len/u, 
is  a  well -kno>nn  Costa  Rican  sinnit^;  P.  Araqa  Raddi  grows  on  the 
dry  uplands  (»f  Bra/il;  an<l  P.  montnnum  S>^artz  is  native  to  the 
mountains  of  Jam-ii<  a.  The  so-railed  l)lark  guava  is  Guettarda 
argenUa  I^m.,  a  rubiaccous  Jamaican  tree,  In^aring  black,  j;IoIk>s4-, 
fl<*shy  fruits.     Thr   "Chilean  guava'*  is  a   myrtaceous  shrub  of 
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Chile  {Myrtus  Ugni  Molina),  1-2  m.  high,  with  dark  green,  shin- 
ing, ovate  leaves,  white  flowers,  and  edible,  aromatic  berries. 
The  "pine-apple  guava"  of  California  is  Feijoa  SeUowiana  Berg,  a 
South  American  myrtaceous  plant,  which  resembles  the  true  guavas 
in  growth  and  fruit. 

College  of  Hawaii, 
Honolulu 
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A  new  Lejunea  from  Bermuda  and  the  West  Indies* 

Alexander  W.  Evans 
(with  plate  34) 

The  s»f)ecies  described  below  is  not  uncommon  in  the  West 
Indies  and  is  perhaps  to  be  expected  in  Florida  and  Mexico.  It 
MH-ms  to  l>e  most  abundant  at  lovl'  altitudes,  without  l)eing  strictly 
coastal  in  its  distribution.  The  material  at  first  examined,  which 
uas  scanty  and  incomplete,  was  confused  with  L,  glaucescens 
('fOtts<'he,  and  some  of  the  Bermuda  specimens  have  been  listed 
under  this  name  by  the  writer.f  More  abundant  material  has 
since  l)een  available  and  has  shown  conclusively  that  the  specit*s 
is  amply  distinct. 

Lejetinea  minutilobA  sp.  nov. 

Pale  or  dull  green,  often  somewhat  brownish  with  age,  scattered 
or  growing  in  depressc»d  mats:  stems  alK>ut  o.i  mm.  in  diameter, 
copiously  and  irregularly  branched,  the  branches  obliquely  to 
widely  spreading,  often  with  slightly  smaller  leaves  than  the  stem 
but  not  microphyllous:  leaves  contiguous  to  lcK>sely  imbricated, 
the  lol>e  wi<lely  spreading,  slightly  falcate,  plane  or  slightly  con- 
cave, broadly  ovate,  when  well  developer!  alK)ut  0.5  mm.  long  and 
045  mm.  wide,  dorsiil  margin  usually  arching  f)artially  or  wholly 
arrovs  the  axis,  then  strongly  outwardly  curvwl  to  the  broad  and 
rounded  ajK'X,  ventral  margin  straight  or  slightly  outwardly 
cur\ed.  margin  entire  or  vaguely  and  minutely  crenulate  from 
projecting  cells;  lobule  in  the  form  of  a  minute  triangular  basal 
fold,  conhisting  of  only  a  few  cells,  the  ajH'x  repri*si*nted  by  a 
single  projecting  cell  tip(K*d  with  a  hyaline  papilla;  cells  of  1oIh» 
axeraging  al>out  13  m  in  diameter  at  the  margin  and  25  X  20  m  in 
the  median  and  bastd  jxirtions.  thin-waiii^l  but  with  minute 
Irigon***  and  cMcasionai  internie<ii«ite  thickenings,  cuticle  smooth : 
underleaves  distant,  orbicular.  alM»ut  0.2  long,  biful  alnKit  one 
half  i*ith  erect,  tri.inKiiI.»r,  «u  iite,  ohtust*  or  rounde^l  divisimiN, 
rr»undefl  at  the  Ims^,  ni.irj^in  .is  in  llie  liMves:  intlorcMciu  <*  autoi- 

•  Contrl  but  Kill  !r<ini  tin-  <)-f«irn  Ht.i.uih.il  I  .»)Miral<»r> 
t  Bull   Ttirif  \  (  I'Mj  33    I  ti       i(y*Wi 
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cous:  9  inflorescence  sometimes  borne  on  a  leading  branch,  some- 
times on  a  more  or  less  abbreviated  branch,  innovating  on  one 
side,  the  innovation  sometimes  sterile,  sometimes  with  a  second 
9  inflorescence;  bracts  obliquely  spreading,  varying  greatly  in 
size,  distinctly  complicate,  lobe  oblong  to  obovate,  when  well 
developed  about  0.45  mm.  long  and  0.3  mm.  wide  but  often  con- 
siderably smaller,  margin  as  in  the  leaves,  lobule  ligulate,  rounded 
at  the  apex,  about  0.16  mm.  long  and  0.06  mm.  wide;  bracteole 
mostly  obovate,  about  0.4  mm.  long  and  0.25  mm.  wide,  bifid  one 
third  or  a  little  more  with  erect,  acute,  obtuse,  or  rounded  divisions, 
margin  as  in  the  leaves;  perianth  obovoid,  when  well  developed 
about  0.5  mm.  long  and  0.35  mm.  wide,  terete  in  the  lower  half, 
distinctly  five-keeled  above,  narrowed  toward  the  base,  truncate 
or  slightly  retuse  at  the  apex  and  with  a  short  but  distinct  beak: 
d^  inflorescence  usually  occupying  a  short  branch  and  not  prolifer- 
ating, bracts  closely  imbricated,  in  two  or  three  pairs,  strongly 
inflated,  shortly  bifid  with  a  crenulate,  strongly  arched  keel  and 
rounded  divisions;  bracteole  usually  single  at  base  of  inflores- 
cence, smaller  thaa  the  underleaves,  bifid:  capsule  about  0.2  ram. 
in  diameter. 

Bermuda:  on  rocks  and  stones,  Church  Cave  and  vicinity, 
July,  1900,  M.  A,  Howe  7;  February,  1908,  5.  Brown  504,  505; 
September,  191 2,  E.  G.  Britton  1088;  on  rocks  and  stones.  Wal- 
singham,  June,  1900,  M,  A.  Howe  3;  September,  1905,  E,  G, 
Britton  286;  gully,  Tuckerstown,  September,  1905,  E,  G.  Britton 
J2j;  February,  1908,  S.  Brown  516;  on  bark  and  roots,  Abbott's 
Cliff",  September,  1912  and  1913,  E.  G,  Britton  888,  Qji,  932  (in 
part),  933,  1867;  on  bark,  without  definite  locality,  1908,  5. 
Brown  55Qa. 

Cuba:  in  a  ravine  and  on  roots  of  royal  palm,  San  Luis, 
Oriente,  April,  1909,  N.  L.  Britton  2327, 2329;  on  shaded  limestone, 
Tropical  Park,  Puentes  Grandes,  Havana,  August,  191 1,  Brother 
Leon  2739. 

Porto  Rico:  on  trunk  of  a  tree,  near  Rio  Piedras,  January, 
1899,  Mr.  &  Mrs.  A.  A.  Heller  147;  near  Bayamon,  July,  1901, 
Underwood  &  Griggs  892;  vicinity  of  Coamo  Springs,  March,  1906, 
M.  A.  Howe  1371;  on  bark  and  on  earth,  Lares  to  San  Sebastian, 
April,  1913,  Britton  &  Marble  2799,  2800;  at  base  of  tree,  vicinity 
of  Ponce,  March,  1913,  Britton  6f  Shafer  1747;  on  bark,  Canda- 
laria,  near  Bayamon,  February,  1914,  E.  G.  Britton  1521, 

St.  Thomas:  on  banks  and  stones,  St.  Peter,  February,  1913, 
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Briiton  if  MarbU  12$!,  1254,  ^^55!  on  stones,  Oown,  February, 
I<ii3,  Britton  &  Marble  1365, 

No.  1365  from  St.  Thomas  may  be  designated  the  type;  a 
hlight  admixture  of  L.  pililoba  Spruce  is  present. 

In  the  genus  Lejeunea  the  lobule  when  typically  developed 
ron'^ists  of  an  inflated  sac.  ovate  in  outline,  more  or  less  involute 
along  the  free  margin,  and  tipped  by  a  single  projecting  cell  with  a 
hyaline  papilla  at  its  proximal  base.  The  same  general  type  of 
lobule  is  found  in  several  other  genera  of  the  Lejeuneae,  such  as 
Rectoirjeunea,  Ceratolejeunea,  and  Crossotolejeunea,  Unfortu- 
nately, in  certain  species  of  Lejeunea,  the  lobule  often  fails  to  show 
its  typical  structure  and  appears  reduced  in  size  or  otherwise 
variou-sly  mcnlified.  In  some  cases  a  prolonged  search  may  be 
ntve>sary  In'fore  inflated  lobules  can  be  demonstrated  at  all,  and 
it  is  not  unusual  for  p<x)rly  developed  lobules  to  l)e  associated  with 
plants  l>earing  f)erianths.  In  the  sf)ecies  here  proposed  as  new  no 
inflated  lobules  whatever  have  l)een  seen,  although  many  plants, 
Ixith  with  and  without  perianths,  have  l>een  examined.  The 
lr>bule  in  all  cases  observed  has  l)een  in  the  form  of  a  minute  l)asal 
fnid,  consisting  of  only  a  few  cells.  It  S4*ems  siife  to  assume, 
therefore,  that  lobules  of  this  re<luce<l  type  reprt*sent  a  constant 
feature  of  the  sixties. 

With  resixx't  to  sizt*.  the  leaves,  perichaetial  bracts  and  per- 
ianths of  L.  minutiloba  exhibit  a  amsiderable  range  of  variation, 
and  on  slender  stems  and  branches  the  leaves  may  l)e  scarcely 
half  as  large  as  on  robust  stems.  The  small  bracts  and  perianths 
are  asMKriatcxl  esfx*cially  with  short  female  branches,  the  size 
var>'ing  approximately  with  the  length  of  the  branch.  The  small- 
est bracts  and  fXTianths,  therefore,  are  usually  to  Ixr  found  on 
!»rancht*s  which  lx»ar  a  single  vegetative  leaf  in  addition  to  the 
bracts.  The  underleaves  and  bracteoles  are  much  less  subjet  t 
ti»  variation  in  siw  than  the  leavt^  and  bracts;  they  var>'  markinJIy, 
hnwever,  in  the  charac  ter  of  their  apices.  The^'  are  s<^)metimes 
acute  or  even  apiculate,  sonutimes  obtuse,  and  sometimes  broadly 
rounded. 

.Among  relate*!  siH»cies  it  >^ill  1h*  sufVuIent  to  mention  L. 
floridana  Evans  and  /-.  ^lautCMens  (lott^he.  The  first  is  still 
known  from  Florid.i  onh',  but  tht*  not-onci  is  xiidcly  distriluited  in 
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tropical  and  subtropical  America.  Both  species  are  somewhat 
larger  than  L.  minutifolia,  the  leaves  being  often  0.7  mm.  in  length, 
but  they  agree  with  it  in  inflorescence  and  in  having  small  or- 
bicular underleaves.  In  both  species,  however,  the  lobules  are 
frequently  inflated  and  conform  closely  to  the  usual  Lejeunea  type. 
L,  floridana  is  further  distinguished  by  its  much  larger  perichaetial 
bracts  (often  0.8  mm.  in  length),  by  its  more  shortly  bifid  under- 
leaves and  bracteole,  and  by  the  crenulate  keels  of  its  perianth, 
projecting  upward  as  horns.  In  L.  glaucescens,  the  bracts  approxi- 
mate those  of  L,  minuiifolia  in  size  but  the  lobules  are  usually 
distinctly  pointed. 

Sheffield  Scientific  School, 
Yale  University 


Hxplanatlon  of  plate  24- 

Lejeunea  minutiloba  Evans 

The  figures  were  drawn  by  the  writer  from  the  type  specimen  and  prepared  for 
publication  by  Mr.  H.  D.  Rhynedance. 

Fig.  i.  Part  of  plant  with  two  perianths,  ventral  view  (male  inflorescence  not 
shown),  X  45. 

Fig.  2.     Lobule  of  a  stem  leaf,  X  250. 

Fig.  3.     Cells  from  the  apex  of  a  lobe,  X  335. 

Fig.  4.     Cells  from  the  middle  of  a  lobe,  X  335. 

Fig.  5.     Underleaf,  X  no. 

Figs.  6-8.     Bracts  and  bracteole  from  a  single  involucre,  X  55. 

Figs.  9-11.     Bracts  and  bracteole  from  a  second  involucre,  X  55. 

Figs.  12-14.     Bracts  and  bracteole  from  a  third  involucre,  X  55. 

Fig.  15.     Bracteole  from  a  fourth  involucre,  X  55. 

Fig.  16.     Lobule  of  a  perichaetial  bract.  X  250. 

Figs.  17-20.     Apices  of  various  bracteole-di visions,  X  no. 

Fig.  2 1 .     Transverse  section  of  a  perianth  in  upper  fourth.  X  55. 
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Introduction 

So  far  as  I  have  been  able  to  find,  the  only  previously  pub- 
lished description  of  the  embryo-sac  or  embr>'o  of  Phaseolus  is  by 
Guignard  (1881),  who  studied  forty  species  of  Leguminosae, 
among  them  Phaseolus  muUiflorus.  In  this  species  he  found  that 
an  axial  row  of  but  three  macrospores  is  formed.  The  innermost 
cell  of  this  row  by  three  successive  nuclear  divisions  forms  the 
embr>'o-sac,  which  is  typical  in  every  respect;  the  antipodals  are 
ephemeral.  The  first  division  of  the  egg  is  transverse,  and  occurs 
at  the  same  time  that  the  primary  endosperm  nucleus  divides. 
A  pro-embr>'o  of  three  cells  is  formeti,  the  terminal  one  of  which 
develops  into  the  embryo;  the  other  cells  form  the  suspensor. 
Divisions  follow  until  an  embr>'o  is  fornuHJ  at  the  af)ex  of  a  fila- 
mentous suspensor,  which  is  two  cells  in  thickness  and  whose 
bas.1l  cells  are  conj^piruou.sly  swollen. 

In  the  present  study  buds,  pi>tils,  and  developing  fruits  were 
obtaine<l  from  the  following  varieties  of  Phaseolus  vulgaris:  **  David 
Kidney,"  **Ungfellow,"  '^Pole,"  and  "Kidney  Wax,"  plants  of 
which  were  grown  in  the  greenhouse  during  the  fall  and  winter 
of  1914-15  and   1915-16,  and   "VVardwell's  Wax,"  grown  in  the 

[Tbc  BtXLfe.riM  for  Nuvimb«r  .44:  501   5^4.  pi.  24-.  wa*  t-iu*-*l  Noxrii.U-r  -m»,  1917) 
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garden  during  the  summer  of  1915.  Material  was  collected  from 
the  time  the  buds  began  to  appear  until  the  fruits  were  fully 
grown. 

The  very  young  buds  were  placed  in  the  fixing  fluids  intact; 
the  floral  envelopes  were  removed  from  the  larger  buds  and  flowers 
to  insure  penetration  of  the  fixing  fluids.  For  the  same  reason 
the  pods  were  cut  into  pieces,  and  in  the  case  of  the  older  pods  the 
young  seeds  were  picked  out  and  placed  separately  in  the  fixing 
solutions.  Flemming's  solutions,  medium  and  strong;  i  per 
cent,  chrom-acetic  acid,  Juel's  fluid  and  Camoy's  fluid  were  used 
as  fixatives.  The  best  preparations  showing  the  development  of 
the  macrospores  and  the  embryo-sac  were  obtained  from  material 
fixed  in  Flemming's  medium  solution  and  in  chrom-acetic  acid. 
Juel's  and  Carnoy's  fluids  gave  best  results  in  the  fixation  of 
embryos. 

Longitudinal  sections  of  these  various  structures  were  cut  from 
five  to  twelve  microns  in  thickness.  Flemming's  triple  stain, 
Heidenhain's  iron-alum  haematoxylin,  and  a  combination  of  the 
latter  with  Lichtgriin  were  used. 

I  have  found  no  differences  between  any  of  the  varieties  used, 
so  far  as  the  history  of  the  embryo-sac  and  the  embryo  are  con- 
cerned; the  description  which  follows  applies  equally,  therefore, 
to  all  the  varieties  named. 

The  macrospores  and  the  embryo-sac 
In  the  varieties  of  Phaseolus  vulgaris  studied,  from  two  to 
seven  ovules  are  borne  in  an  apparently  single  row  upon  the 
adherent  edges  of  the  carpel.  When  first  formed  the  ovules  are 
orthotropous,  but  as  growth  proceeds  they  become  recurved  and 
are  campylotropous  when  mature. 

The  two  integuments,  when  fully  grown,  surround  the  ovule 
on  all  sides,  but  are  slightly  shorter  on  the  side  toward  the  placenta. 
They  grow  rapidly  and  by  the  time  that  the  macrospore  mother 
cell  is  fully  grown  the  outer  integument  has  reached  almost  to  the 
apex  of  the  ovule,  the  inner  one  being  at  this  time  about  two 
thirds  the  length  of  the  outer  integument. 

A  hypodermal  cell  in  the  axial  row  of  the  nucellus  becomes 
larger  than  the  surrounding  cells  and  stands  out  conspicuously 
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amonj?  them  (Plate  25,  fig.  i).  This  cell  is  typically  five-sided 
in  st'ction;  it  contains  a  very  large  nucleus  and  stains  more  deeply 
than  the  adjacent  cells.  At  a  later  stage  the  young  macrospore 
mother  cell  is  separated  from  the  epidermal  layer  by  another  layer 
of  cells  (Fig.  4).  Still  later,  when  the  macrospore  mother  cell  is 
fully  grown,  there  are  often  two  layers  of  cells  between  it  and  the 
e|)idermis  (FiG.  5);  this  is  not  always  the  case,  however,  for  not 
infrequently  the  elongated  macrospore  mother  cell  is  in  the  third 
instead  of  the  fourth  layer  of  cells.  No  division  figures  were  seen 
either  in  the  first  differentiated  hypodermal  cell  or  in  the  cells  of 
the  epidermal  layer.  For  this  reason,  I  have  been  unable  to 
determine  whether  the  hypodermal  cell  that  is  early  distinguished 
by  Its  size  itself  functions  as  the  macrospore  mother  cell,  or  whether^ 
on  the  other  hand,  this  hyi>odermal  cell  divides,  one  of  its  daughter 
cells  lx»coming  the  macrospore  mother  cell.  On  the  whole,  the 
arrangement  of  the  subi*pidermal  layers  at  the  later  stages  (FiG. 
5^  supf)orts  rathtT  more  strongly  the  former  hypothesis.  Prepara- 
ti<»ns  were  obtained  in  which  there  were  what  seemed  to  be  two 
young  macrospore  mother  cells  in  an  axial  row  (FiG.  3);  another 
prejKiration  showed  two  young  mother  cells  lying  side  by  side, 
and  in  one  case  two  fully  grown  mother  cells  lay  side  by  side.  In 
no  caM',  however,  was  the  further  development  of  more  than  one 
macrosfK>re  mother  cell  observed. 

The  fully  grown  macrosjxire  mother  cell  is  about  three  times 
as  long  as  wide  (Vic.  6);  its  nucleus  is  near  the  micropylar  end  of 
the  cell;  the  rhalazal  end  is  usually  pointed  (F*IG.  6),  but  in  some 
cases  quite  roun<J<Hl  (Fk;.  7).  The  nucleus  remains  in  the  micro- 
pylar end  of  the  cell  during  the  prophasi^s  of  the  ensuing  division. 
Fig.  7  shows  the  nucleus  in  synai)^is.  One  preparation  was  ob- 
tainwl  showing  the  heterotypic  division;  the  spindle  lies  approxi* 
mately  in  the  center  of  the  cell  (Fig.  8).  One  of  the  two  daughter 
cellft  formed  by  this  divi.^^ion  fails  to  undergo  a  stTond  divinon, 
since,  so  far  as  my  preparations  show,  a  row  of  but  three  macro- 
sfwro  is  formed  (Fig.  9).  ('.ul^'iiard  (i8fti)  reiK)rted  the  formation 
of  but  three  macros[K)res  in  Plui'^eohn  mnJtiJlnrus  !)ut  did  not  deter- 
mine which  of  the  two  daughter  ( tils,  formed  from  the  cli\  isjoD  of 
the  mother  cell,  fails  todi\  ide;  heal^>  fonnd  a  <.e-4*  in  w  Kn  \\  a  loni^j. 
tudinal  division  ttK)k  plare  in  one  of  the  furK  lionle'-s  nia(Tr)**iH)reH; 
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the  innermost  macrospore  at  the  chalazal  end  develops  into  the 
embryo-sac,  and  I  find  the  same  thing  true  in  Phaseolus  vulgaris. 
In  other  Leguminosae,  according  to  Guignard,  two,  three,  or  four 
macrospores  may  be  formed  and  either  the  innermost  spore  or  the 
one  next  it  may  develop  into  the  embryo-sac.  Saxton  (1907) 
finds  in  Cassia  tomentosa  a  deeply  buried  macrospore  mother  cell 
whose  division  forms  a  row  of  four  macrospores,  of  which  the 
one  next  to  the  innermost  produces  the  embryo-sac.  However, 
according  to  Martin  (1914),  in  Medicago  sativa^  Vicia  americana, 
and  several  species  of  Trifolium  examined  by  him,  an  axial  row 
of  four  macrospores  is  formed. 

The  functional  macrospore  becomes  several  times  as  long  as 
wide  before  its  nucleus  divides  (Plate  26,  fig.  ii).  The  two 
outer  macrospores  degenerate  rapidly,  and  by  the  time  that  the 
developing  macrospore  reaches  the  binucleate  stage  they  have 
usually  disappeared  entirely. 

After  the  first  nuclear  division  in  the  functional  macrospore, 
the  two  daughter  nuclei  pass  to  the  respective  ends  of  the  sac 
(Fig.  12),  and  a  large  vacuole  appears  between  them.  After  the 
second  nuclear  division  each  end  of  the  developing  macrospore 
contains  a  pair  of  nuclei  (Fig.  13).  The  nuclei  at  the  micropylar 
^nd  usually  remain  close  together,  those  at  the  chalazal  end  being 
further  apart.  After  the  third  division,  a  group  of  four  nuclei  is 
seen  at  each  end  of  the  embryo-sac. 

The  polar  nuclei  begin  their  migration  very  soon  after  the  com- 
pletion of  the  last  nuclear  division.  Cell  division  ensues,  resulting 
in  the  formation  of  a  typical  seven-celled  embryo-sac  (Fig.  14). 
The  e^g  apparatus  presents  the  usual  appearance;  the  polar  nuclei 
lie  a  short  distance  away  from  the  egg  apparatus  in  the  median  line; 
at  the  stage  shown  in  Fig.  14  they  have  not  yet  begun  to  fuse. 
The  antipodal  cells  are  typically  triangular  in  section,  and  their 
nuclei  are  smaller  than  the  other  nuclei  of  the  sac.  A  large  vac- 
uole is  characteristic  of  the  embryo-sac  at  this  stage,  lying  beti^^een 
the  polar  nuclei  and  the  antipodal  cells.  This  development  seems 
to  agree,  except  in  minor  details,  with  that  of  other  Leguminosae 
that  have  been  investigated.  Saxton  (1907)  found  an  absorptive 
tissue  derived  from  the  antipodal  cells  in  Cassia  tomentosa; 
Hofmeister  (1858)  failed  to  find  antipodal  cells  in  the  members 
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of  the  family  studied  by  him;  Hegelmaicr  (1880), also,  did  not  see 
the  antipodal  cells  and  seenis  to  have  confused  endosfxrm  cells 
with  the  egg  apparatus;  according  to  Guignard  (1881)  the  antipo- 
dal cells  of  Phaseolus  multiflorus  are  ephemeral;  and  Strasburger 
(1880)  found  that  the  same  is  true  of  the  antipodal  cells  of  four 
species  of  Lupinus, 

The  egg  grows  after  its  formation  (Plate  25,  fig.  10)  and 
becomes  long  and  broad  at  the  base  so  that  it  projects  into  the 
cmbr>'o-sac  be>'ond  the  syncrgids  (Puvte  26,  fig.  15).  The  egg 
nucleus  becomes  larger  and  a  large  vacuole  appears  in  the  c>'to- 
plasm  towanl  the  micropylar  end  of  the  egg.  The  synergids 
develop  a  distinct  filiform  apparatus  (FiG.  15)  whose  htriations 
arise  from  the  neighborhood  of  a  vacuole  at  the  bn)ader  end  of 
each  synergid.  Martin  (1914)  dt*j*cril)e<I  a  filiform  apparatus  in 
Trifolium  pratrnse,  but  with  more  conspicuous  striations  than 
those  which  I  have  observed  in  Phaseolus  vulgaris.  The  8>'ner- 
gids  change  from  a  pear-shaped  to  a  more  narrow  tapering  form. 
After  fertiliziition  the  synergids  disintegrate  and  entirely  disappear. 

The  polar  nuclei  come  to  lie  close  together  just  lx*low  the  egg 
(Fig.  14)  and  remain  in  this  position  for  some  time.  Before  fer- 
tilization, however,  they  come  into  close  contact  with  each  other 
and  l>egin  to  fuse  (Fig.  16),  but  it  is  quite  possible  that  their  fusion 
may  not  b<'  completeil  before  the  male  nuclei  enter  the  s;ic  and  one 
of  the  latter  fuses  with  the  polar  nuclei. 

In  one  preparation  a  pollen  tube  w.is  seen  entering  the  embr>XH 
sac.  It  gn)ws  through  the  micn)pyle  and  pusht*s  into  the  embr>'o- 
sac  betwtx»n  the  cells  which  form  a  sheath  around  the  micmpylar 
end  of  the  s«ic. 

The  nuin^lUih  is  gradually  al>sorlH*<l  during  the  development  of 
the  embr>(>-s»ic,  and  when  the  latter  is  mature  the  nuct*llar  ti^-^uc 
entirely  dis*ipfHMrs  from  the  micropylar  end  and  fnim  the  sidt^, 
leaving  thf'se  p*irt9  of  the  s.ic  in  immetliate  contact  with  the  inner 
integument:  at  the  chaia/al  end  of  the  sac,  however,  the  nuit*llar 
tissue  jKTsIsts,  its  cells  grow  lar^rr  and  become  arrangiHi  in  (juite 
definite  njws  which  wcm  to  diverge  from  the  point  where  thr 
integununt**  arii***  from  the  nucellus.  This  tissue  jXTsisls  until, 
late  in  the  history  of  the  enihr\<)-siic,  it  is  finally  aby)rlHii.  Ac- 
cording to  ll<Xi  Imaicr  (l^Ho),  the  nucellus  in  the  ovule  of  Lufnnus 
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is  entirely  absorbed  after  fertilization;  Ward  (1881)  notes  the 
deliquescence  of  the  cells  surrounding  the  embryo-sac  of  Lupinus 
venustus;  and  Martin  (1914)  made  similar  observations  on  Medi^ 
cago  saliva,  Vicia  atnericana,  and  several  species  of  Lupinus. 

The  embryo 

The  first  division  of  the  fertilized  egg  is  transverse  (Fig.  18) ; 
the  basal  one  of  the  two  cells  so  formed  typically  encloses  a  large 
vacuole.  The  next  division  occurs  in  this  basal  cell  and  is  trans- 
verse (Fig.  19),  so  that  a  filamentous  pro-embryo  of  three  cells  is 
invariably  formed  (FiG.  20).  The  third  division  is  a  longitudinal 
one  (Fig.  21),  in  the  terminal  cell;  it  is  quickly  followed  by  longi- 
tudinal divisions  in  the  other  two  cells  of  the  pro-embryo,  which 
are  to  give  rise  to  the  suspensor  (Fig.  22).  Divisions  may  now 
occur  in  the  longitudinal  plane  perpendicular  to  that  just  described, 
or  the  divisions  in  the  second  longitudinal  plane  may  be  pre- 
ceded by  several  transverse  divisions.  The  embryo  then  consists 
of  four  rows  of  seven  or  eight  cells  each  (Fig.  23);  and  the  basal 
cells  have  begun  to  show  evidences  of  swelling. 

Division  now  ceases  except  in  the  cells  at  the  distal  end  of  the 
embryo.  Anticlinal  walls  are  put  in  (Fig.  24,  a)  in  the  cells  of  the 
terminal  tier.  Periclinal  walls  are  next  formed,  cutting  off  an 
outer  layer  of  cells,  the  derma togen  (Fig.  26).  In  Medicago 
saliva,  Vicia  antericana,  and  several  species  of  Trifolium,  Martin 
(1914)  observed  that  the  dermatogen  is  cut  off  later  than  the 
octant  stage;  Guignard  (1881)  also  found  this  true  in  his  work  on 
Phaseolus  mulliflorus.  When  the  embryo  is  about  six  or  seven  cells 
in  length  (Fig.  24) ,  the  four  basal  cells  of  the  suspensor  become  swol- 
len and  turgid  and  much  elongated ;  later  the  next  tier  of  four  cells 
above  them  also  undergo  like  changes  (Fig.  25).  The  swollen 
cells  at  the  base  of  the  suspensor  continue  to  grow  in  length  and 
retain  their  inflated  appearance  until  late  in  the  history  of  the 
embr>^o;  but  when  the  embryo  has  grown  so  as  almost  to  fill  the 
cavity  of  the  sac,  its  growth  seems  to  cause  a  compression  of  the 
basal  cells  and  they  become  flattened  in  the  micropylar  end  of  the 
embryo-sac  (Fig.  27).  Swollen  suspensor  cells  occur  in  other 
members  of  the  Leguminosae;  Hegelmaier  (1880)  reported  such 
cells  in  the  embryo  of  Lupin  us,  but  in  this  case  the  cells  were 
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multinucleate;  Strasburger  (1880)  observed  swollen  suspensor 
cells  in  Lupinus.  which  in  some  instances  show  a  tendency  to 
separate  from  one  another.  Guignard  (1881)  also  reported  the 
occurrence  of  inflated  cells  which  are  multinucleate  in  Orobus 
aureus^  O.  angusUfoHuSt  and  Pisum  sativum^  and  suspensor  cells 
which  become  separated  from  one  another  in  Lupinus  polyphyllus. 
Martin  (1914)  observed  instances  in  his  studies  in  which  the  sus- 
pensor cells  retained  their  normal  appearance  and  also  cases  in 
which  the  modifications  which  were  noted  by  other  investigators 
occurred. 

At  the  time  of  the  differentiation  of  the  dermatogen,  the  em- 
hr>'o  proper  is  almost  ovoid  in  shape  {Fig,  26) ;  it  retains  this  form 
an  it  increases  in  size  until  the  appearance  of  the  cotyledons. 
Cotyledon  development  begins  later  than  the  stage  shown  in 
Figure  26;  but  none  of  my  preparations  show  satisfactorily  the  first 
stages  in  this  development  because  the  plane  of  the  union  of  the 
a)tyledons  is  parallel  to  the  flat  side  of  the  ovule,  and  the  embryo 
lies  curvcfl  in  the  micropylar  end  of  the  embryo-sac.  The  embryo 
a)ntinues  to  grow  at  the  expense  of  the  endosperm  and  of  the 
cushion  of  nucellar  tissue  at  the  chalazal  end  of  the  embryo-sac. 
The  nucellus  is  absorbed,  and  by  the  time  the  embryo  is  mature 
the  endosperm  also  has  entirely  disappeartHl. 

The  endosperm 

The  dixibion  of  the  primary  endosjKTm  nucleus  as  a  rule  pre- 
cvilcs  that  of  the  fertilized  egg  (Fig.  17),  although  one  pre{)aration 
showed  the  egg  nucleus  and  the  primary  erul()si>erm  nucleus  divid- 
ing simultaneously.  In  Phaseolus  multijhrus,  Guignard  (1881) 
found  that  the  divi.sion  of  the  t  ^g  nucleus  and  that  of  the  primary 
endffrperm  nucleus  occur  at  the  s.ime  time;  Strasburger  (1880) 
ol>-ierved  the  simultaneous  division  of  these  two  nuclei  in  Luf>inus; 
but  Martin  (1914)  found  that  the  first  division  of  the  fertili/ed 
egg  is  usually  pre<e<le<l  by  the  first  division  of  the  f)ri!nar\'  eiulo- 
8f)erm  nucleus. 

The  endosjMTm  nuclei  resulting  frr>m  the  fir^t  two  divisions 
arrange  themselves  in  the  iH-riphery  o{  tlie  eml)r\'0-s.ir.  I'sually 
two  of  them  are  to  l>e  s4*('n  near  the  youn,;  embryo,  one  on  eitlu  r 
side  of  it.       The  later  nudear  division^  are  not  alwav^  ^injulta- 
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neous,  for  in  several  instances  both  resting  nuclei  and  nuclei  in  the 
various  stages  of  division  are  to  be  seen  distributed  from  one  end 
of  the  sac  to  the  other  (Fig.  28) ;  but  the  order  of  their  arrange- 
ment was  not  identical  in  the  diflFerent  sacs  observed. 

The  endosperm  remains  in  the  form  of  a  peripheral  layer  in 
the  embryo-sac  until  its  final  absorption  by  the  growing  embryo; 
it  is  typically  thicker  around  the  embryo  than  in  other  regions  of 
the  sac.  After  the  differentiation  of  the  dermatogen,  cell  division 
occurs  in  that  part  of  the  endosperm  which  immediately  surrounds 
the  embryo  itself.  E^ch  nucleus  in  this  part  of  the  endosperm  is 
surrounded  by  a  very  definite  cell  wall;  the  cells  so  formed,  how- 
ever, do  not  form  a  compact  mass  but  lie  isolated  in  the  undivided 
cytoplasm  (Fig.  29).  These  cells  do  not  persist  but  are  soon  ab- 
sorbed, and  all  traces  of  the  endosperm  have  entirely  disappeared 
by  the  time  of  the  maturity  of  the  seed. 

Summary 

1.  A  large  hypodermal  cell  is  early  differentiated  in  the  ovule; 
this  either  functions  as  the  macrospore  mother  cell  or  possibly 
divides  once,  one  of  its  daughter  cells  being  the  macrospore  mother 
cell. 

2.  The  fully  grown  macrospore  mother  cell  lies  in  either  the 
third  or  fourth  layer  from  the  micropylar  end  of  the  nucellus. 

3.  An  axial  row  of  three  macrospores  is  formed,  the  innermost 
of  which  develops  into  the  embryo-sac. 

4.  The  nucellus  is  entirely  destroyed  at  the  micropylar  end 
and  along  the  sides  by  the  development  of  the  embryo-sac;  the 
nucellar  tissue  at  the  base  of  the  sac  takes  on  a  peculiar  structiu-e 
and  persists  for  some  time,  but  finally  is  itself  gradually  absorbed 
by  the  embryo-sac. 

5.  The  polar  nuclei  begin  to  approach  each  other  soon  after 
the  eight-nucleate  stage  of  the  embryo-sac  is  reached  and  remain 
close  together  for  some  time  just  below  the  egg;  then  their  fusion 
takes  place. 

6.  The  three  antipodal  cells  disappear  at  about  the  time  of 
fertilization. 

7.  The  synergids  form  a  conspicuous  filiform  apparatus. 

8.  The  pro-embryo  consists  of  a  filament  of  three  cells;  the 
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two  basal  cells  form  the  suspensor  and  the  terminal  cell  develops 
into  the  embryo  proper. 

9.  The  dermatogen  is  cut  oflf  when  the  embryo  proper  consists 
of  about  sixteen  cells.  Wlien  the  suspensor  consists  of  four  rows 
of  about  seven  or  eight  cells  each,  the  two  tiers  of  cells  at  its  base 
become  swollen  and  conspicuously  elongated. 

10.  The  primary  endosperm  nucleus  usually  divides  before 
the  first  division  of  the  egg;  two  of  the  daughter  nuclei  resulting 
from  the  first  two  divisions  place  themselves  on  either  side  of  the 
young  embr>'o;  and  in  succeeding  divisions  the  endosperm  nuclei 
place  themselves  in  the  peripheral  region  of  the  embryo-sac. 

11.  The  divisions  of  the  endosperm  nuclei  may  be  simulta- 
neous,  or  nuclei  in  all  stages  of  division  may  be  found  at  the  same 
time,  from  resting  nuclei  at  one  end  of  the  endosperm  to  late 
telophases  at  the  opposite  end. 

12.  Endosperm  cells  are  formed  in  the  region  immediately 
about  the  embryo,  but  are  l^ter  absorbed. 

I  wish  to  express  my  sincere  appreciation  to  Dr.  C.  E.  Allen, 
who  suggested  this  work  and  under  whose  supervision  it  was  done. 
UKiwrnmrrr  or  Wisconsin 
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Bzplanatton  of  plates  28  andl  2« 

All  drawings  were  made  with  an  Abb4  camera  ludda  at  table  leveL  Leitz  oculars 
and  objectives  were  used:  Figs,  i,  2.  6-10,  i4-20»  22,  with  ocular  4,  oil  immersion 
objective  1/16,  tube  length  222  mm.  (X  2,475);  Figs.  4,  5,  11-13,  21,  23,  25,  with 
ocular  4,  oil  immersion  objective  1/16.  tube  length  170  mm.  (X  1.740);  Figs.  24.  26, 
28.  with  ocular  3,  oil  immersion  objective  1/16,  tube  length  170  mm.  ( X  1.530);  Fig. 
3,  with  ocular  i.  oil  immersion  objective  1/16,  tube  length  140  mm.  (X  966);  Fig.  27. 
with  ocular  3,  objective  3,  tube  length  170  mm.  (X  170);  Fig.  29,  with  ocular  3. 
oil  immersion  objective  1/16.  tube  length  140  mm.  (XS7o).  The  drawings  on 
Plate  25  have  been  reduced  one  half  in  reproduction;  those  on  Plate  26.  two  thirds. 

Plate  25 

Fig.  I.    Young  nucellus  showing  enlarged  hypodermal  cell. 

Fig.  2.    Young  macrospore  mother  cell. 

Fig.  3.    Nucellus  showing  two  macrospore  mother  cells  in  an  axial  row. 

Fig.  4.  Nucellus  showing  the  position  of  the  young  macrqspore  mother  cell 
represented  on  a  larger  scale  in  Fig.  2. 

Fig.  5.  Nucellus  showing  two  layers  of  cells  between  the  epidermal  layer  and 
the  macrospore  mother  cell. 

Fig.  6.    Fully  grown  macrospore  mother  cell. 

Fig.  7.    Macrospore  mother  cell  with  nucleus  in  sjmapsis. 

Fig.  8.    Macrospore  mother  cell  with  nucleus  in  division. 

Fig.  9.  Row  of  three  macrospores;  the  two  upper  ones  are  degenerating,  the 
third  has  enlarged  and  will  develop  into  the  embryo-sac. 

Fig.  10.    Mature  egg. 

Plate  26 

Fig.  II.  Functional  macrospore  with  the  two  degenerating  macrospores  lying 
above  it  in  the  nucellus. 

Fig.  12.     Binucleate  embryo-sac. 

Fig.  13.     A  four-nucleate  embryo-sac. 

Fig.  14,    A  mature  embryo-sac. 

Fig.  15.    Egg  and  synergids  showing  filiform  apparatus. 

Fig.  16.    Polar  nuclei  fusing. 

Fig.  17.    An  egg  and  two  endosperm  nuclei. 

Fig.  18.    A  two-celled  pro-embryo. 

Fig.  19.     The  second  division  in  the  pro-embryo. 

Fig.  20.     A  three-celled  pro-embryo. 

Fig.  21.     The  terminal  cell  of  the  pro-embryo  has  divided  longitudinally. 

Fig.  22.     An  embryo  consisting  of  six  cells. 

Fig.  23.  An  embryo  after  further  transverse  divisions  have  occurred;  the  basal 
cells  are  enlarging. 

Fig.  24.     An  embryo  showing  anticlinal  walls  in  the  terminal  cells. 

Fig.  25.     Periclinal  walls  in  the  embryo  proper. 

Fig.  26.  An  older  embryo  showing  susp)en8or  with  no  distinct  demarcation 
between  it  and  the  embryo  proper. 

Fig.  27.  Embryo  showing  cotyledon,  hypocotyl,  and  epicotyl.  The  basal 
cells  are  compressed  against  the  integument. 

Fig.  28.     Endosperm  nuclei  dividing. 

Fig.  29.     Endosperm  cells  formed  in  the  region  of  the  embryo. 


Digitized  by  VjOOQIC 


Hawaiian  trees — a  criticism 

Joseph  F.  Rock 

In  the  March  number  of  the  Bulletin  of  the  Torrey  Botanical 
Club  for  191 7  (44:  145-157),  there  appeared  a  paper  by  Vaughan 
MacCaughey,  entitled  "An  annotated  list  of  the  forest  trees  of  the 
Hawaiian  Archipelago."  The  paper,  which  the  author  describes 
as  the  first  "comprehensive  and  concise  check  list"  of  the  Hawaiian 
forest  trees,  is  by  no  meahs  exhaustive.  The  nomenclature  has 
apparently  been  copied  in  its  entirety  from  my  book  on  the  indig- 
enous trees  of  the  Hawaiian  Islands,  published  in  1913,  and  cer- 
tain more  recent  articles  on  critical  families,  in  which  species  from 
the  islands  are  described,  are  not  considere<l. 

That  the  author's  knowledge  of  Hawaiian  plants  is  incomplete 
is  evidenced  by  his  remarks  under  Pritchardia,  where  he  states, 
*' there  are  at  least  two  well-defined  species,  P,  Gaudichaudii  H. 
Wendl.  and  P.  Martii  H.  Wendl."  These  two  species  are  not  at 
all  well  defined.  Their  types,  in  fact,  which  Dr.  Beccari  and  I 
have  examined  in  the  Webb  herbarium  at  Florence,  Italy,  consist 
of  immature  leaf  specimens  only,  and  their  published  descriptions 
are  extremely  meager.  Neither  of  the  two  species  has  been  col- 
lectwl  again  in  a  wild  state  since  its  original  discovery,  and  of 
P,  Gaudichaudii  no  cultivated  specimens  are  extant.  It  was  sup- 
posed to  have  bet»n  found  on  a  rock  islet  off  the  windward  coast  of 
Molokai,  not  far  from  the  leper  colony.  Nine  other  sjktu^  of 
Pritchardia,  however,  are  now  known  from  the  Hawaiian  I  si  a  n<  Is. 
These  sfK^iies  are  all  well  defined  and  are  all  rcprcM-ntCil  by  com- 
plete living  and  hrrharium  material.  An  exti'iisive  puhlicaticm 
by  Beccari,*  in  >\hi(Ii  full  dt'>cripti()ns  may  hv  found,  stH-nis  to  be 
unknown  to  the  author. 

Besides  the  work^  dcaliuj^  with  Pritihardia,  there  are  M-veral 
other  in'^tanccs  of  unf«imiliarity  with  tlu*  recent  literature  which 
might  l)e  ciltfj,      HeiiiurlVp.iiKr  on  ceitaiu  j^eiu*ra  of  th**  X\(tau- 

*  (  ontnbuto  alia  (  ui'.t/ *  n/a  (i«  Ilr  I'alfnr,  \N<li'i,i4:  14^  j  to  /.  /  tj.  ivM- 
5wr  alto  Rock.  J.  F.,  A  n»*w  "j)^  i' *  of  /'rr/i^jrv/rj.  )t.,il.  I.i:r«\  <  lib.  43-  j***;  JH7. 
pi.  ft  -f /.  /.      Ivi6. 
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inaceae*  is  a  case  in  point.  In  this  work  the  Hawaiian  repre- 
sentatives of  the  family  are  completely  revised,  and  the  genus 
PisoniCf  of  which  MacCaughey  lists  three  species,  is  no  longer 
recognized  as  occurring  in  the  Hawaiian  Archipelago,  one  species 
being  made  the  type  of  the  new  genus  Rockia  and  the  other  two 
being  transferred  to  the  genus  Calpidia.  Martelli's  publications 
on  the  Pandanaceae,t  in  which  species  from  the  Hawaiian  Islands 
are  described,  Loesener's  work  on  the  Aquifoliaceae,J  in  which 
the  synonymy  of  the  Hawaiian  species  of  Ilex  is  revised,  and  my 
own  paper  on  the  Santalaceae§  are  also  completely  ignored. 

To  my  mind  a  check  list  is  of  doubtful  value  unless  brought  up 
to  date.  The  copying  and  publishing  of  names  without  proper 
revision  and  study  is  certainly  not  desirable. 

College  of  Hawaii, 
Honolulu 

*  Die  Nytaginaoeen-Gattungen  Calpidia  und  Rockia.  Oesterr.  Bot.  Zeitschr. 
63:  279-290.     1913. 

t  Enumerazione  dclle  Pandanaceae.  Webbia  3:  307-327'  1910;  4:  1-105. 
pL  x-xf.  1913.  Le  specie  e  varietH  nuove  di  **Pandanus"  menzionate  nella  enu- 
merazione delle  Pandanaceae.    Ibid.  4:  39S^435>  Pl*  iS~43*    1914- 

X  Monografia  Aquifoliacearum — It     Nova  Acta  Acad.  Lcop.-Carol.  78.  1901. 

I  The  sandalwoods  of  Hawaii.  A  revision  of  the  Hawaiian  species  of  the  genus 
Sanialum.    Hawaii  Board  Agr.  &  Forest.     Bot.  Bull.  3: 1-43.  pl*  1-13.     1916. 
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The  botanical  work  of  Ezra  Michener 

C.  L.  Shear  and  Neil  E.  Stbvkns 

The  reputation  of  a  botanist  depends  so  largely  on  publication 
that  important  work  of  collecting  and  collaboration  may  be  very 
soon  forgotten.  This  has  been  too  nearly  true  of  the  botanical 
work  of  Dr.  Elzra  Michener.  Almost  all  of  his  long  life  (1794- 
1887)  was  spent  in  a  small  village  in  the  southern  portion  of  Chester 
County,  Pennsylvania,  "almost  entirely  isolated,"  as  he  says, 
*'  from  the  seats  of  learning,  from  scientific  libraries,  and  from 
personal  intercourse  with  the  cultivators  of  science"  (8,  p.  iii). 
In  addition  to  the  numerous  duties  of  a  country  physician  and  of 
a  prominent  citizen  interested  in  reform  movements  he  accumu- 
lated a  valuable  herbarium,  contributed  to  Darlington's  Flora 
Cestrica,  published  a  **  Manual  of  Weeds"  (7)  for  popular  use,  re- 
arranged and  mounted  the  extensive  Schweinitz  collections  of 
fungi  in  the  Academy  of  Natural  Sciences  of  Philadelphia,  and 
carried  on  a  correspondence  and  exchange  of  specimens  with  the 
leading  mycologists  of  his  time. 

Michener  himself  seems  to  have  regarded  his  botanical  work 
as  of  little  importance.  In  his  ''Autographical  Notes"  (8),  a 
volume  of  two  hundred  pages,  in  which  he  gives  the  main  facts 
of  his  life  and  interests,  he  speaks  of  his  "innate  fondnt*ss  for 
plants"  and  dc*scrilx?s  his  early  progress  in  the  study  of  Ixjtany. 
Later  references  to  botanical  work  are  largely  incidental,  as  when 
be  describes  a  botanical  press  which  he  devised  (p.  43),  or  Ki)eaka 
of  rearranging  his  herl)arium  of  more  than  a  thousand  plants  during 
an  illness  which  occurretl  in  1843  (p.  52),  or  of  coIlt*rting  plants 
while  on  a  trip  to  V'ir^nnia  in  1846  (p.  59).  He  refers,  however,  to 
assisting  Dr.  Darlington  in  the  preparation  of  the  Florula  Cestrica 
(p.  43).  The  alM)ve  f«j('ts  are  hUinmari/tHl  by  HarshlKr^er  (5)  in  his 
"Botanibts  of  Philadtlphi.i."  A  hrit-f  liioIoKical  note,  rt'printe<l 
from  the  West  Chr^t<*r  Kepuhlic.in,  was  also  publis!ied  in  the 
Friends'  Int<'lllfc;fn(er  and  Journal,  July  2,  l^H7  19.. 

r>\7 
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A  few  years  ago  the  writers  discovered  that  Michener  mounted 
the  fungi  in  the  Schweinitz  herbarium  in  Philadelphia  (ii,  p.  7), 
and  while  continuing  their  investigations  on  this  important 
herbarium  were  able  to  determine  the  date  of  this  work  (10).  In 
trying  to  determine  this  latter  point  the  writers  made  a  thorough 
search  in  the  region  about  Dr.  Michener's  home  near  Tough- 
kenamon,  Pennsylvania,  for  documents  which  might  throw  light 
on  the  matter. 

Correspondence  with  Curtis  and  other  botanists 
Dr.  Michener's  correspondence,  which  is  known  to  have  been 
voluminous  and  to  have  contained  letters  from  some  of  the  most 
eminent  scientists  of  his  time,  including  Curtis,  Ravenel,  and 
Tuckerman  (see  Harshberger  S»  P«  180)1  appears  to  have  been 
destroyed.  No  portion  of  it  could  be  found  either  at  his  former 
residence,  now  occupied  by  his  grandson,  Ezra  J.  Webster,  or 
elsewhere.  Fortunately,  however.  Miss  Alice  Swayne,  librarian 
of  the  Bayard  Taylor  Memorial  Library,  Kennett  Square,  Penn- 
sylvania, who  had  previously  assisted  the  writers  and  was  aware 
of  their  interest  in  the  Michener  correspondence,  found  a  few  pages 
of  letter  press  copies  of  letters  from  him  in  his  collection  of  shells 
now  in  the  possession  of  the  library.  Although  there  are  but 
twelve  sheets  of  this  letter  press,  numbered  consecutively  2  to  13, 
several  of  which  are  somewhat  worn,  some  of  the  letters  from  Dr. 
Michener  contain  information  of  great  value.  That  such  frag- 
mentary records  accidentally  preserved  must  be  depended  on  for 
information  concerning  a  botanist  who  died  only  thirty  years  ago, 
argues  a  neglect  in  the  preservation  of  accurate  historical  records 
which  is  most  unfortunate. 

Two  letters  to  Curtis,  copies  of  which  were  found  in  the  letter 
press  referred  to,  throw  so  much  light  on  Michener's  purpose  and 
methods  in  taking  up  the  study  of  fungi,  as  well  as  on  his  personal 
relations  with  Curtis  that  they  are  here  included  nearly  in  full. 

[6]*  New  Garden  26th  of  nth  mo  1855 

Dear  Friend: 

It  seems  a  long  time  since  I  have  written  to  thee.  Thy  note  of  Sept  nth  came 
duly  to  hand,  requesting  to  have  some  of  Botrytis  infestans  and  would  have  been 

*  Figures  refer  to  pages  of  the  letter  press. 
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promptly  rctponded  to  U  I  could  have  found  the  thinf . — Unfortunately  the  potato 
tops  were  gone  before  It  arrived — and  I  waited  to  know  whether  any  could  still  be 
found — lince  which  time  I  have  been  much  frtim  home  and  moetly  occupied  with 
other  caaea.  —An  unusually  wet  season  ha(s]  produced  an  abundant  growth  of  our 
favorite  plants— the  Fungi  of  which  a  large  number  hav{r]  been  collected— but 
from  the  tone  of  thy  last  note  (without  date)  I  feel  compelled  however  reluctantly  to 
decline  transmitting  them  at  present. 

The  inducements  which  led  me  into  the  study  of  the  fungi  are  a  desire  to  supply 
a  blank  In  the  catalogue  of  Natural  productions  of  Chester  County,  which  some  of  us 
contemplated  —and  while  I  could  not  obuin  the  means  to  determine  all  the  species 
myself  —I  vainly  hoped  that  my  services  as  a  collector  of  fungi,  might  entitle  me  to 
the  assistance  which  I  stood  in  need  of  In  determining  species. '  Disappointed  in  thia 
hope,  I  have  but  little  inducement  to  pn>«ecute  the  study  much  farther— yet  there 
Is  a  charm  attending  it  which  will  probably  [con)(inue  as  long  as  I  am  able  to  pursoa 
it. --How  is  the  review  of  Schweinlts  progrnnting?  I  have  been  watching  for  it  in 
the  Journal  of  the  Academy.  In  a  few  days  I  expect  to  commence  arranging 
Schwrinitx  Fungi— and  It  would  have  been  a  great  pteajiure  to  have  (7]  had  tha 
aasiiitance  of  your  corrections  during  the  examination  of  his  uttccirs.  —  I  shall  horn  ever 
Implicitly  follow  his  numbering  and  labeling  [two  \Kords  blurred]  out  in  the  Synopsis 
Fungorum. — 

Encltisrd  will  be  found  specimens  of  a  few  of  my  bat  k  numt^ers  which  were 
marknl  4«  dtmderata: — 

At  hrrrtofore 
thy  friend 
M.  A.  Ct'STi^ —  K.  MuiiksilK 

N.  B.  -   f*lrA»r  write  whrnrvrr  convrnicnt.  -  - 

Courtis's  reply  to  this  letter  may  be  readily  guesMxl  at  from 
another  letter  which  Michener  wrote  several  weeks  later.  This 
letter,  which  is  without  address,  shows  from  the  context  that  it 
was  written  to  Courtis. 

{li)  Nlw  CiAKDhN  jMh  of  1st  mo  1856. 

Dtfsr  ^%€nd. 

Thine  of  the  8th  instant  was  duly  rrcrive<l. 

It  was  a  knoIw)lidge  of  thy  nuroeroun  rngAgements  in  the  Mycological  fWId  — 
apart  from  *' business**  proper,  whtch  has  frctiuenlly  led  me  to  feel  and  to  express  a 
fear  of  tTf«passing  too  much  upon  thy  tinic-  and.  so  far  as  I  can  recollect,  has  pre* 
rentrtl  me  from  making  any  claim  upon  tliy  attention  farther  than  it  may  have 
been  omvenient  to  thre  to  bestow  ~n<ir  am  I  conMtous  of  having  msiuit^trd  that 
"im|utirnLC**  of  which  thee  spe^k.  —  Be  this  at  it  may-  thy  last  prnttl.ng  nota 
commrncrtl  by  saying  -  "Vou  need  not  trculur  >(iurprlf  b>  tending  me  •()r\i mens  too 
often."  Tills  w.i«  language  wlm  h  I  thmight  (.I'uitl  hAnli)  tw  muut)t!<  r«tt«Hl.  and 
my  consequent  courw  haji  b<i'n  takrn  aivtT-l.ng  to  my  S4.tr pt^nie  of  it  —In  future 
I  wUI  tend  rrmittancet  Ut  in  truth  I  h.ivc  aihs>«  {.U^i^c  in  ttrut  cintcrn.<t>  «ith 
the  conditiont  lutd  down  in  tlie  note  rtltr;tt]  to  \  t«.  -  "\t>u  Aie  at  litirrt)  to  [tr  m! 
as  often  ix*  you  plrdsc.  only  lea\  ii  k  tt.t  IiU  r!>  u*  ar:*urr  « t.«  |t.)  I  pif  a  *  '* 

[The  next  iMra^raph.  uf  fuur  luu4.  «■  •   ni<ul..it  tlwfrtd  ^r.J  u  h(  rt   cn.itte*)  ] 
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In  working  over  the  first  eight  books  of  Schweinitz'  Fungi,  I  have  been  grieved 
to  find  a  number  of  the  envelopes  either  missing  or  empty  in  addition  to  the  many 
which  rendered  valuless  by  the  ravages  of  insects. — Perhaps  the  destruction  will 
not  be  so  great  after  we  get  through  the  Hymenomycetes.  — 

Ever  thine  with  respect, 

E.  Michener. 

Four  other  letters  of  which  letter  press  copies  are  preserved 
deal  with  Michener's  botanical  interests.  In  two  letters  to  E. 
Lanning  he  speaks  of  exchanging  specimens,  including  fungi,  and 
of  having  received  a  parcel  of  fungi  from  "our  friend  H.  W. 
Ravenel."  In  a  letter  dated  "New  Garden,  28  of  ii  mo.,  1855," 
to  Dr.  William  Darlington,  who  had  apparently  referred  to 
Michener  some  question  of  fungus  identity,  he  quotes  a  consider- 
able portion  of  Fries  description  of  Penicillium  crustaceum  from 
Fries  Systema  Mycologicum  (3:  p.  407,  408),  indicating  his 
familiarity  with  this  standard  mycological  work.  In  a  letter  to 
Mr.  Thomas  P.  James,  dated  "New  Garden,  4th  of  ist  mo.,  1856," 
he  requests  the  loan  of  another  lens — "I  greatly  feel  the  want  of 
another  glass.  .  .  .  The  powers  which  [I]  have  are  20,  30,  50  and 
250,  one  intermediate  between  the  two  last,  say  from  80  to  150 
would  often  assist  me  wondrously." 

In  writing  to  Curtis  of  the  proposed  "Catalogue  of  Natural 
Productions  of  Chester  County"  Michener  evidently  had  reference 
to  the  work  of  the  Chester  County  Cabinet,  an  organization  formed 
under  the  leadership  of  Dr.  Darlington,  the  object  of  which  was 
"two-fold:  first,  to  form  a  collection  of  the  natural  productions 
of  the  County;  and  second,  to  gather  materials  for  its  prospective 
history*'  (8,  p.  43).  Michener  evidently  undertook  the  com- 
pilation of  a  list  of  fungi  (6,  introduction;  2,  p.  iv;  and  4,  p.  458). 
To  this  end  he  corresponded  and  exchanged  specimens  with 
Ravenel  and  Curtis,  especially  the  latter,  until,  as  he  wrote  at 
the  age  of  eighty-five  (4), 

"There  have  been  some  1200  species  of  fungi  collected  and  preserved  in  this 
county,  a  very  large  percentage  of  which  have  passed  under  the  experienced  eyes  of 
Berkeley  and  Curtis,  and  carry  the  impress  of  their  determination,  it  is  impossible 
for  me,  at  this  late  period  of  life,  to  arrange  them  properly  in  a  catalogue  without 
more  efficient  aid  than  I  am  able  to  obtain." 
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Other  interests 
Michener  naturally  included  the  lichens  in  his  studies  and  sent 
numerous  specimens  to  Tuckerman  for  identification  (see  za). 
That  he  was  a  collector  of  no  mean  ability  is  shown  by  the  fact  that 
in  his  list  of  lichens  of  Chester  County,  published  in  the  third  edition 
of  Darlington's  Flora  Cestrica,  1853,  there  are  included  (3,  p.  456) 
"about  30  species  never  before  published  in  this  country,  one-half 
of  which  are  entirely  new."  These  new  species  are  all  described 
by  Tuckerman,  who  named  one  species  Biatora  Micheneri,  in 
Michener's  honor.  Tuckerman  also  named  a  species  in  this*  list  in 
honor  of  the  county,  Verrucaria  cestrensis.  Tuckerman  presented 
Michener  with  a  complete  set  of  his  "Lichenes  Americae  Septen- 
trionalis,"  inscribed 

'*Dzio.  E.  Micbbnbr, 

AUCTOR 

10  Aug.  185a/* 

These  volumes,  which  bear  notes  in  Michener's  hand,  are  now  in 
the  possession  of  the  writers. 

Darlington's  impression  of  Michener  is  frankly  stated  in  the 
introduction  to  this  edition  of  the  Flora  Cestrica,  in  which  he 
refers  to  him  as  "a  naturalist  from  whose  acumen,  diligence,  and 
indomitable  perseverance  we  may  fairly  expect  as  thorough  an 
exploration  of  every  department  of  our  Cryptogamy,  as  the  active 
duties  of  his  profession  and  the  life-time  of  an  Individual  will 
permit." 

Michener's  interest  in  natural  science  was  by  no  means  con- 
fined to  botany.  He  was  co-author  with  Dr.  William  D.  Hartman 
of  a  work  on  the  shells  of  Chester  County,  and  prepared  a  con- 
siderable portion  of  the  section  on  "Zoology"  in  the  history  of 
(*bester  County  compiled  by  Fulhey  and  Cope  (4).  In  this 
there  are  numerous  footnotes  signed  with  his  initials,  indicating 
dose  field  observations  on  the  habits  of  binls. 

In  the  manuscript  "Catalogue  of  the  Museum  presented  to 
Swarthmore"are  listed  with  Michener's  usual  care  four  hundrefl 
and  twenty-six  specit^s  of  mammals,  birds,  and  reptiles,  arranged 
in  accordance  with  the  nomenclature  of  the  bi*st  authoritit*s  of 
his  time.     The  greater  p<jrtion  of  these  sfKximens  (8,  p.  202)  had 
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been  mounted  by  Michener  himself.    The  manuscript  has  been 
deposited  in  the  library  of  the  Department  of  Agriculture. 

Michener  was  also  interested  in  genealogy  and  contributed  a 
history  of  his  family  to  the  history  of  Chester  County  just  men- 
tioned. There  is  in  the  possession  of  his  grandson,  Mr.  Ezra  J. 
Webster,  of  Toughkenamon,  Pennsylvania,  an  elaborate  genea- 
logical study  of  the  Michener  family,  prepared  by  Dr.  Michener. 

The  Manual  of  Weeds 

In  1872  Michener  published  a  volume  of  about  one  hundred  and 
fifty  pages,  entitled  "A  Manual  of  Weeds  or  the  Weed  Exter- 
minator," designed,  as  he  says  in  his  introduction,  to  supplement 
Darlington's  (2)  Agricultural  Botany,  and  **to  place  in  the  hands 
of  the  young  and  intelligent  culturist  *  *  *  a  cheap,  and  reliable 
Hand  book  of  Weeds."  This  book  does  not  seem  to  have 
received  wide  circulation.  There  is  no  copy  in  the  Library  of 
Congress  or  in,  the  Library  of  the  Department  of  Agriculture. 
A  copy  in  the  Bayard  Taylor  Library  at  Kennett  Square,  Penn- 
sylvania, was,  however,  loaned  to  the  writers  by  the  librarian, 
Miss  Alice  W.  Swayne. 

The  manual  lists  one  hundred  weeds  systematically  arranged, 
many  of  them  with  observations  as  to  habit  of  growth  and  sugges- 
tions for  their  control.     There  is  also  a  glossary  of  botanic  terms. 

In  the  introduction,  which  fills  twenty  pages,  Michener  exhibits 
considerable  grasp  of  the  fundamentals  of  plant  physiology.  He 
refers  to  the  leaves  as  '*the  essential  organs  of  digestion,  assimila- 
tion, and  respiration."  That  he  understood  many  of  the  prin- 
ciples of  plant  distribution  is  evidenced  by  his  warning  against 
the  practice  of  throwing  weed  seeds  into  water  courses,  and  to 
the  danger  of  carrying  rhizomes  from  field  to  field  on  agricultural 
implements.  He  refers  to  the  blackberry  as  a  bi-per-annual 
because,  as  he  says,  *'the  root  is  per-annual  and  the  stem  strictly 
bi-annual."  A  characteristic  remark  is  that  *' field  fence  comers 
cannot  appropriately  be  used  for  flower  gardens." 

Some  of  his  ideas  as  to  the  control  of  weeds  must  have  seemed 
rather  radical  fifty  years  ago.  For  instance,  he  urges  that  the 
weed  question  is  not  a  matter  merely  *'of  individual,  of  local, 
or  of  agricultural  interest.     It  is  more  than  all  this.  ...  It  is 
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national  in  all  its  bearings.''  Then  drawing  an  analogy  from  the 
city  boards  of  health  and  their  quarantine  laws,  he  urges  ''the 
e>tabli8hment  of  an  agricultural  board  of  health  in  every  district, 
invested  with  ample  powers  and  resources  to  maintain  a  healthy 
agriculture,"  and  adds:  *'It  may  be  necessary  to  provide  inspec- 
turn  of  seeds  before  they  are  allowed  to  be  sowed."  These  sugges- 
tions are  in  part  carried  out  at  the  present  time  by  our  Federal 
Ilrirticultural  Board  and  by  state  seed  inspection  laws.  It  is 
possible  that  we  may  in  time  arrive  at  the  condition  finally  urgcni 
by  Michener,  who  suggests  that  in  case  a  farmer  does  not  properly 
care  for  his  fields  "it  may  be  necessary  to  remove  him  tem- 
jx)rarily  from  his  premises,  and  to  place  them  in  the  hands  of  an 
agent  until  they  are  fully  cleansed  from  the  infection." 

Philadklphia  Acadkmv  of  Scien(  ks 
Michener  was  elected  a  correspondent  of  the  Academy  of 
Natural  Siciences,  Philadelphia,  in  1840,  and  thrpughout  his  life 
it  formed  his  chief  contact  with  the  scientific  world.  While 
Michener *8  name  appt*ars  but  rarely  in  the  records,  his  ser\'ice8 
to  the  Academy  were  considerable  and  his  interest  great. 

The  writers  have  already  called  attention  to  the  fact  that  the 
mounted  portion  of  Schweinitz's  collection  of  fungi  at  the  Phila- 
delphia Academy  is  mounted  in  exactly  the  same  manner  as  are 
the  specimens  in  Dr.  Michener 's  herl)arium  (ii).  It  is  now 
evident  that  the  mothfxl  of  arrangement  was  original  with  Dr. 
Michener.  For  in  the  files  of  the  Academy  is  the  following  letter 
written  on  the  outer  surface  of  a  brown  paj)er  folder  indent ica! 
in  si7e  and  kind  of  pajKT  with  thost*  in  the  Michener  herbarium, 
and  having  pinned  on  the  inner  side  three  of  the  small  scjuare 
»he<'ts  of  ruled  jkijht  like  th<)>e  on  which  the  fun^i  are  parted  in 
his  herbarium  (ii,  pi.  j,  4),  This  shc^et  was  evidently  intendt*<l  as 
a  sample,  and  Mit  Ih-ikt  thriftily  utilized  the  outride  of  the  siiniple 
for  his  letter. 

Krymiphc  He<J  fil:  (hvuJ*  lUly  ntil  a   p.irt  oi  tin-   U-tlrr   l)Ut  of   the   '«antplr, 

1.  c.  it  U  llir  la'nlj 

Av(jm»\li.  2<  iU  ut  iilh  nuj  l^    ">. 
Dear  PoOtw, 

I  have  inclo-rf^i  a  •!.c<-t  of  inv  \k\\hx  with  a  »i-**ini<n  ol  UK*  I».  iti«  h  ;i-  I  ii-r, 
Un  Ihy  t%2kX\\inskXum.      Ir    in  w!  w  It  lh«r  wi!l  v.ir\  tlir    i/f  nf  thr  .-In  1 1 ,    .i';-!  thr  -i/c 
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and  number  of  the  labels,  to  each  sheet  —as  thy  own  judgment  may  direct.  — Common 
Bookbinders  boards  are  not  substantial  enough  for  the  portfolios— they  should  be 
very  firm.  — 

A  stouter  paper  than  this  sheet  would  also  be  better  for  the  first  class  (Uymeno- 
mycetes)  as  many  of  the  species  are  very  course  and  rugged  .  .  . 

Should  we  succeed  satisfactorily  with  the  Fungi— perhaps  we  may  then  be 
prepared  to  arrange  the  Lichens  &  Musci  in  the  same  way — ^but  will  try  one  at  a 
time. 

If  the  portfolios  should  not  be  sent  with  the  other  materials  please  inform 
me  what  size  the  Boards  for  them  will  be  cut. 

Respectfully 

E.  Micbbnbr 
Dr.  Zanthnger.— 

The  first  package  of  fungi  appears  to  have  been  sent  to  Dr. 
Michener  shortly  after  this  letter  was  written  for  early  in  the 
following  year,  1856,  he  sent  a  letter  to  the  Academy  concerning 
the  problems  connected  with  their  rearrangement.  This  letter 
contains  so  much  information  regarding  the  condition  of  the 
herbarium  at  that  time  as  well  as  the  part  played  by  Michener  in 
its  rearrangement  that  it  is  here  printed  in  full. 

Nbw  Garden  16  of  i  mo  1856 
Botanical  Com.  Acad.  Nat.  Sciences^ 

I  have  mounted  specimens  of  all  that  could  be  found  in  the  parcel  of  Fungi 
sent.  Many  however  were  totally  destroyed  by  insects— or  had  otherwise  dis- 
appeared. —The  envelopes  very  rarely  contain  more  than  two,  quite  common  only 
one  specimen —That  I  have  felt  a  constant  fear  of  being  suspected  for  the  same 
proclivity  which  characterize  some  other  would-be  naturalists.  As  a  preventive  I 
would  suggest  that  you  carefully  look  over  the  collection  before  sending  it  so  as  fully 
to  appreciate  its  dilapidated  condition. 

There  are  two  points  upon  which  I  wish  the  advice  of  the  com.— If  the  port 
folios  are  not  yet  made  I  would  suggest  the  propriety  of  reducing  the  size  of  the  sheeta 
and  labels. — I  am  not  unmindful  of  a  desire  to  preserve  uniformity  in  the  entire 
Herbarium  (and  this  could  still  be  done  in  appearance  on  the  shelves)  but  I  think  it 
would  be  at  the  cost  of  convenience  and  utility.  —If  it  does  not  come  too  late  I  would 
recommend  the  size  and  form  of  the  accompanying  specimen — The  adoption  of  it 
would  cost  you  a  trifle  of  lost  labour— and  me  a  good  deal  more  but  I  think  would 
repay  it.  — 

I  also  wish  your  advice  upon  the  arrangement — The  original  idea  was  to  follow 
Schweinitz  Synopsis  so  far  as  specimens  were  to  be  found — and  then  to  fill  up  the 
blanks  so  far  as  I  can  out  of  my  own  collection.  —But  this  does  not  admit  of  intro- 
ducing either  his  own  exotic  species  —or  other  more  recent  discoveries  in  their  proper 
connection. —We  have  no  very  good  classification  but  must  follow  some  one— I 
prefer  Lindley's  [revised  ?].  —The  specimen  sheet  is  intended  to  discriminate  between 
the  North  American  &  exotic  species  of  Shw.  Herb,  —and  also  those  which  may  be 
subsequently  added— by  the  colour  of  the  paper  a  reference  on  the  label  to  the 
source  whence  the  specimen  was  derived.     If  this  should  be  thought  sufficiently  to 
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designate  the  ■peclment  you  wOl  percciTe  that  additions  can  at  any  time  be  made 
(reverse  oi  sheet]  without  Inteifcfcncc  with  the  previous  laboor.^ 

Should  you  approve  the  plan  paper  could  be  selected  of  such  sise  as  would  cut 
without  much  waste. 

Please  advise  me  early  of  your  conclusion  In  the  matter. 

Yours  respectfully 

E.  MiaiBirss 

N.  B.— I  can  not  return  the  package  until  I  receive  the  portfolios  to  place  them  In. 
—What  would  you  want  done  with  the  old  books,  envelopes,  etc.?—*  few  of  then 
contain  specimens  which  ought  to  be  preserved —and  It  might  be  worth  while  to 
retain  Sch.  own  labrli  along  with  the  specimens —but  this  would  open  a  wider  field 
foe  labour — 

£.  M. 

Evidently,  the  committee  did  not  agree  with  Michener  that 
the  size  of  the  sheets  should  be  reduce<l,  for  the  mounted  portion 
of  the  5>chweinitz  herbarium  at  Philadelphia  is  on  sheets  of  folio 
size,  whereas  those  in  Michener  s  own  herbarium  are  quarto. 
Ver>'  fortunately,  however,  his  suggestion  that  the  original  prickets 
were  worth  retaining  was  accepted,  as  these  arc  now  preser\*ed 
in  the  Academy. 

Michener  worked  on  this  herlwrium  during  the  winters  of 
'^55' 56  and  1856-57,  and  in  1857  sent  to  the  Academy  a  con- 
siderable collection  of  fungi,  as  indicatt*d  by  the  rejwrt  of  **I)ona~ 
tions  to  Museum"  in  the  Proceedings  for  that  year: 

Srvrn  hundred  and  ninr(y-iux  tpetics  fungi  {finely  mounted  specimens). 
Pff^entwl  by  Rev.  M.  A,  Curtis.  Two  hundrrd  and  one  •(in-ir«  fungi  (finely 
mountnl  •(let  irortH).     Presented  by  Kirs  Mii  hener.  m  bo  prr[iaie<l  a11  (he  ■[let  inieus. 

The  files  of  the  Academy  of  Natural  Sciences  in  Philadelphia 
contain  five  letters  from  Michener  n^ganling  the  n^rrangement 
of  the  Sthweinitz  herbarium  and  in  the  interval  after  that  only 
three  brief  note?*  Dr.  Nolan,  St*cretar>'  of  the  Academy,  states 
that  while  the  files  are  l)y  no  means  complete,  it  is  ver>'  pn)t>able 
that  thest*  are  all  the  communications  re<^Mvt*d  fn>m  Michener, 
as  he  was  characteristically  a  man  of  fc-w  words.  T^o  letters 
written  in  1867  referretl  to  copies  of  the  PnM'ei^linK'^  of  the  S<K'iety 
which  he  had  found  mi>sing  when  the  volume>  were  1km n^;  M'nt 
to  the  bindery.  The  reniainiiik;  note  written  on  a  half  sheet  (»f 
letter  [MfHT  is  from  its  date  aiul  nature  i>n»lMbly  the  last  com- 
munication of  I)r   Mitluner  to  the  Philadeli)hia  Acatjemy. 
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TOUGRKENAMON  6  of  3  mO.  1 882 

Edw.  J.  Nolan,  M.  D. 
Dear  Friend 

Pleaae  find  enclosed  a  postal  order  (Is)  for  my  subscription  for  the  Proceedings 
of  the  Acad.  Nat.  Sc.  -• 

I  have  taken  them  for  more  than  forty  years,  with  interest,  but  the  lapse  of 
88  years  wear  and  tear,  has  disqualified  me  for  such  reading  and  studies. 
Please  close  my  subscription  at  the  end  of  the  current  volume. 

And  oblige 

Thine  sincerely 

E.   MlCHBNER« 

The  Michener  Herbarium 

Dr.  Michener's  zoological  collections,  as  stated  in  a  brief 
supplementary  note  published  with  his  autobiography,  which 
were  given  to  Swarthmore  College  in  1869,  were  there  lost  in  the 
fire  which  occurred  a  few  years  later.  Very  fortunately,  however, 
his  herbarium  as  well  as  a  collection  of  shells  remained  in  the 
possession  of  his  children.  The  preservation  of  the  herbarium 
seems  to  have  been  largely  due  to  the  interest  of  his  son,  Ellwood 
Michener,  who  apparently  inherited  his  father's  taste  for  botanical 
studies  and  accumulated  an  herbarium  of  flowering  plants  which 
the  writers  have  examined. 

Some  years  before  his  death,  Ellwood  Michener  presented  the 
collections  of  plants  and  shells  to  the  Bayard  Taylor  Memorial 
Library,  of  Kennett  Square,  where  they  remained  until  191 7. 
The  trustees  of  the  library,  however,  realizing  that  the  herbarium 
would  be  more  accessible  to  scientific  investigators  as  well  as  more 
carefully  preserved  in  the  Department  of  Agriculture,  sold  the 
collections  of  fungi  to  the  mycological  collections  of  the  Bureau 
of  Plant  Industry. 

In  addition  to  portions  of  many  of  Schweinitz's  specimens,  as  de- 
scribed in  an  earlier  paper  (11,  pp.  7-1 1),  the  Michener  herbarium 
contains  numerous  specimens  from  the  collections  of  fungi  de- 
scribed by  Berkeley  and  Curtis  (i)  as  well  as  fungi  identified  by 
Michener  himself.  With  the  exactness  characteristic  of  all  his 
work  Michener  indicated  on  the  labels  the  source  of  the  specimen 
and  by  whom  it  was  identified.  This  collection  of  fungi  which 
has  now  been  made  available  for  study  will  prove  of  great  value 
to  American  mycologists.     The  herbarium  also  contains  an  excel- 
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lent  collection  of  lichens,  with  many  authentic  specimens  from 
Tuckerman,  who  identified  most  of  the  material.  There  are  also 
many  phanerogams,  a  good  collection  of  mosses,  many  of  which  are 
from  Europe,  and  a  few  hepatics  and  algae. 

Although  Michener  published  very  little,  his  contributions  to 
botany  were  considerable.  Realizing  the  limitations  of  his  own 
situation  and  the  impossibility  of  satisfactorily  identifying  all  the 
species  himself  he  wisely  sent  his  collections  for  identification  to 
the  leading  authorities  on  the  several  groups,  and  devoted  his  own 
energies  to  collecting  and  preparing  his  herbarium.  He  thus 
secured  an  authoritative  and  fairly  comprehensive  flora  of  his 
region,  and  added  to  the  number  of  known  species  and  to  the 
known  distribution  of  s[)ecies  already  recognized,  a  type  of  botan- 
ical work  greatly  needed. 

BuvKAi;  OF  Plant  Industry, 
Washington,  D.  C. 
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Rep.  Pennsylvania  State  College  19x4-15:  235-246.  pi.  6.     1916, 
Orton,  W.  A.     Watermelon  diseases.     U.  S.   Dept.  Agric.   Farmers* 

Bull.  821:  1-18. /.  /-/J.     1917. 
Pariah,  8.  B.     The  Red  Hill  pools.     Bull.  S.  Calif.  Acad.  Sci.  16:  51.  52. 

Jl  1917. 
Ptftse,  A.  8.     Notes  on  the  botanical  exploration  of  the  White  Moun- 
tains.    Appalachia  14:  157-178.     Je  1917. 
Ptmidl,  P.  W.     Notes  on  plants  of  the  southern  United  States — HI. 

Bull.  Torrey  Club  44:  337-362.     14  Jl  un7- 

Include*  Chamatcriita  aristrUala,  C.  keymsix  and  C.  Detringiana,  spp.  nov.  and 
0«cc«  €miusiifolia.  Chamatcruta  Whuhtii,  C.  Uxana,  comb.  nov. 
Pntchm,  M«  J.     Physiological  studies  of  Bacillus  radicUola  of  Canada 

field  pea.     Cornell  Agr.  Kxf).  Sta.  Mem.  5:  9  83.     Mr  1915. 
PtttlUUll,  B.  L,     Forebt  llowers.     .\m.  F<)re;»t.  23:  343-345.     Je  1917. 

Illlust.] 
Siddlei  L.  W.     S»me  noteworthy  lirhens  from  Jamaica.     Bull.  T«>rrey 

Club  44:  321-330.  pi.  21.     Jl  I<>17. 

Incladefl  Buellia  rin'>.iino%p*ira  and   Chiodccion  /4'io:/iWum.  ^pp.  nov..  and   new 
oonbifiationa  in  Lanrrrii,  iiirllulurta.  Iu>piJtum  ami  Meg'iUi^fHira. 
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Risien,  E.  E.     Pollinating  the  pecan.    Jour.  Heredity  8:  384.  /.  18. 

Au  1917. 
Roberts,  J.  W.    Apple  blotch  and  its  control.     U.  S.  Dept.  Agr.  Bull. 

534:  i-ii.  pi.  I,  2  +  j-3.    28  J  1917. 

PhyllosUcta  solitaria, 
Rolfe,  R.  A.     Cattleya  Mossiae,     Orchid  Rev.  25:  105,  106./.  14.     My 

1917. 

Native  of  Venezuela. 

RolfCi  R.  A.      Cypripedium  caudatum.      Orchid    Rev.   25:    130-132. 

Je  1917. 

Native  of  Peru. 
RolfCi  R.  A.     Hexadesmia  crurigera.     Orchid  Rev.  25:  128./.  16.     Je 

1917. 

Native  of  Central  America. 
Rolf e,  R.  A.     MUtonia  Roedii,   Orchid  Rev.  25 :  1 29,  1 30.  /.  17.   Je  1917. 

Native  of  Colombia. 
Rolfs,  F.  M.     Angular  leaf-spot  of  cotton.     S.  Carolina  Agr.  Exp.  Sta. 

Bull.  184:  5-30.  pL  i-ig,     D  191 5. 

Bacterium  malvacearum. 
Rorer,  J.  B.     A  disease  of  immortel  trees.     Bull.  Dept.  Agr.  Trinidad 

and  Tobago  14:  128,  129.     12  Au  1915. 

Eryihrina  velutina  affected. 
Rorer,  J.  B.     Citrus  canker.     Bull.  Dept.  Agr.  Trinidad  and  Tobago 

14: 130.  131-     12  Au  1915. 

Pseudomanas  citri. 
Rorer,  J.  B.     Cocoanut  bud-rot.     Bull.  Dept.  Agr.  Trinidad  and  To- 
bago 14:  129,   130.     12  Au   1915. 
Rorer,  J.  B.     Plant  diseases  and  pests.     The  anthracnose  of  the  mango. 

Bull.  Dept  Agr.  Trinidad  and  Tobago  14:  164-171.  pi.  I.     5  O  1915. 

Gloeosporium  mangifcrae, 
Rorer,  J.  B.      Plant  diseases  and  pests.     The  pink  disease  of  cacao. 

Bull.  Dept.  Agr.  Trinidad  and  Tobago  14:  1-4./.  I,  2.     1916. 

Corticium  salmonicolor.     Reprint. 
Sampson,  A.  W.     Succession  as  a  factor  in  range  management.     Jour, 

Forest.  15:  593-596.     My  1917. 
Schaffner,  J.  H.     The  grasses  of  Ohio.     Ohio  Biol.  Surv.  Bull.  9:  256- 

329.     My  1917. 
Seward,  A.  C.     Ruth  Holden  (1890-1917).     New  Phytol.  16:  154-156. 

28  Je  1917. 
Shamel,  A.  D.     A  bud  variation  of  Fitiosporum,    Jour.  Heredity  8: 

357-358./.  Ji^     Au  1917. 
Shamel,  A.  D.     Variation  in  artichokes.     Jour.  Heredity  8:  306-309. 

/.  p,  10.     Jl  1917. 
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New  names  and  final  members  of  new  combinations  arc  in  bold  fac«  typ«. 


Abien  tasiocarpa,  43a.  433 

Abtidia  cacrulea,  251.  287;  glauca.  250. 

351.  387 
AbuUlon  TbeophrastI,  384 
Acada  koa.  148;  koala.  148 
Acanthospcnnum  auttrale.  53 
Acer  Negundo.  384;  rubnim,  50.  55.  374. 

376;  trifida.  43* 
Achillea  lanuloea.  100,  loi.  103,  107.  436. 

440.  443;  subalpina,  440 
Acoma«tylis  sericca.  441.  445;  turbinate. 

443 
Actmitum    Baked.     440:    columbianum. 

4.19     448;    delphinitolium.    441.    449: 

iu"iKne,    104.  439.    449;    (Khroleucum. 

104;  rahiosum.  441.  449 
Actaea  altta.  337 
AdmoftteKia  ranuMa.  441 
Ad<ixa  mo^luatrlllna.  434 
Af/«*Ua  cai^joidr*.  53.  55 
AK«ilini^  faMUuiata.  sj;  UniMia.  53 
AgtMrri*  ajzrc^tis.   445:  aurantiaca,    106. 

440;  Klaura.  ir>o.  loi.  103.  10^);  srami- 

nilulia,    441;    (iroenei.    106;    hienialid, 

100.  103;  punitla.  441.  44S;  purpurea. 

lo^i.  108;  variabilis.  441 
Airrofiyron  caninum.  103;  latiKlume,  435; 

p"<*U€lorei)enii.    103.   107;  Rit  liardsonii, 

10 i;    JxTibneri.   435;   violauutii,    107. 

43^>.  443 
Ajtrf»^ti«  a^f»eri folia.  4^0;  hyemalin,  439; 

mclalruta.  440;  variabiliH.  439 
M'ttrj-nn  inaf  Km 'HCUi,  150 
.\'*  urilr^  molijK  aha.  150 
Ai'iuin  brpvi*i> iurii.  4tf>;  t.inadrnse,  37^, 

(»e>'eTi.   99.    104;    I'lltranum,   4>;};   re- 

rurvaturn.  10 1,  104;  vin»-,ilr.  37H 
Ainu*  rupjosa.  51,   s.S;  "inuala,  437.  43^. 

450 
Alofxrcurui   aii*tul.itu^.    4  jy.    448;    CKci- 

dmtalt<*,  4  19-  449 
AJphilonia  cx(tUa,  1^0 
AUme  ariirtuana.   4s  i;   bai*  al<  ii^i  <.    lOJ. 

104,  4.U.  4i^.  4  Si;  U)rtah<..  434.  4  W. 

4^1;  calvi.intha,  4  i9.   44«;  t'r**    if"ha. 

441.  44M;    |jr»a.    44H,    4' J,    4^1;    jijfU'l- 

(fjjia.  4  19.  44*^.  4  '>! ;  I"i.,  "[>*  -.  i"J.  i*m; 

p<Aysnini»u.t  •.  4  w*;  *tii»  ui.'Ta.  4  w.   1 1"* 
Alpinop«is  mat  raruna.  44 J.  4)0.  N.it(.i..ii, 

443.  446;  propirKiua,  4^3 
Al>saum  maiuin.wi:«.  3*^1 


Amarantaceae.  147 

Amarella  anlsosepala.  441;  plebeja,  103. 

X05.   108.  440.    444;   propinqua.    445; 

scopulorum,  440,  444.  448;  strictiflora, 

440.  448 
Ambrina  dissecta.  418 
AnibroHia  artemisiifolia.  53.  55 
Ampelocibsus  latifolia,  509 
Anacardiaccae,  150 
Anaphalitt  subalpina.  436.  438 
Ancbistea  virginica.  53.  55 
Andromc<Ja    novae-caehareac,    169.    188; 

Parlatorii.  169.  187;  i)oUfoUa.  450 
AndropoKon   glomeratu^.    53;   scopariut, 

53.  5S;  »P.  53 
Androsace  carinata.  446;  filiformis.  453; 

pinetorum.    434;   fceptontnonali'*.  443; 

^ubulife^a,     103.    105;     subumbrllata, 

453 
Anemia  btricta.  171 
Anemone    Drummondii.    446;    Klotx>!ta, 

436.    43y.    442,    443;    parv'iflora.    446; 

Ki(  bar(|M>nii,  446;  tetutiemiis.  446,  454; 

zephvra.  444 
Ar»K»*b*  a  <»rayi.  444;  Rowi.  443 
AniiwimeriB  fai^  u  ulata.  31 
Annc)tat«-<l  li-t  of  the  tort»st  trees  ot  the 

Hauaiian  Art  hiix'IaKf>.  An,  145 
Antennaiia   acuta.   447;   alln'M-ens,   443; 

anapl»al(ii<j«-ii.    loj,   io6.   luh,  4j8.  444; 

aprua,  44J.  414.44^';  brait(i)'«a,   440, 

4W,   Mir\nilHi^a.   4  |o.   4|i;   inibritata, 

lo'*;   11,11  r(jplj\  lla,    i«>^>.    i*'H,   4^0.   4|J; 

niut  r»juala,   447;  tix\pli\lla.    Ht^r,   piil- 

Mn.ita.417:  roM*a.   loO.   loH.  440.  4w; 

unilfiituila.    441,   4  M.    4  4^^:    MMitJula. 

Aiitti*  iia  jula(#*a.  317 

.\mliotM»K«»n  ttarU-llalum.  440;  rlegans, 
4iO.  4  1« 

Antlir.u  i*thit  in  in  ik  brat  a*  rta\  urn,  3^3 

Antii  I«-a  t<  UtuuU  n-i-.  4^3.  4^0,  4S4;  de- 
rail*. lu^ 

Anli'N-'ii.a  platypb)  Hum.  150;  puKina- 
turn.  1  >o 

Aiiti;'li\  lla  ••piH.-iMI<'Iia,  \'j4 

A;mh  \  ti  1.  t  .It  ,  I  -,4 

Aijt.it    ...n  i  at-.  1  S'i 

Af.'til"  » i.i  t  ^t  nili  a.  4  \fi.  4  \>j.  i\\,  i  iiLifii- 
t-'  T.a.  \  *1.  ii7.  \i^:  ♦:♦  •■.T"  .la  4^u 
l-'*,    l..i..<    a.    4U.    4>7.    -aiil*ii.*iilaua. 
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453.  454;  Bcopulorum.   444;    thalictri- 

folia,  444;  vulgaris,  380 
Arabidopsis  Thaliana,  381 
Arabia   divaricarpa,    104;    Dnimmondii, 

436.    439;    exilis,    443;    glabra.    104; 

glauca,  loi;  hirsuta,  104;  Lyallii,  445; 

oblanceolata,  443;  oreopfaila,  443 
Aralia  spinosa,  51.  55 
Aragallus   alpicola,   447;   deflexus,    100, 

loi,  105,  108,  433;  foliolosus,  434.  437; 

Hallii,  447;  Lambertii,  105.  108;  oreo- 

philus,  447;  Parryi,  440;  Richardsonii, 

100,  loi,  105,  108;  visddulus,  441,  447; 

visddus,  441,  447 
Araliaceae,  152 
Araucaria  bladenensis,  174;  darllngtonen- 

sis,  169,  174 
Arenaria  confusa,  442;  Fendleri,  104, 108, 

434,  446;  globosa,  442;  Hookeri,  104; 

lithopMla,  443.  445;  saimonensis,  443, 

445 
Argemone  mexicana,  380 
Aristlda  stricta.  47,  52,  55 
Aristolochia  longiifolia,  337;  longiflora,  337 
Arnica  cordifolia,  433.  444;  fulgens,  102, 

106;  macilenta,  441;  Parryi,  106,  107, 

433.  444;  pumila.  433.  434.  436.  444; 

rhizomata,  440,  451;  Rydbergii,  440; 

subplumosa,  441;  tenuis.  441 
Arrhenatherum  elatius,  374 
Artemisia  arctica.  445;  aromatica,  106; 

caudata,  378;  elatior,  445;  Forwoodii, 

102.  106.  108;  gnaphaloides,  100,  106. 

108;  Parryi,  107,  445;  Pattersonii,  445; 

saxicola,   444;  scopulorum,   444,   446; 

spithamaea.  444.  446 
Arthrocnemum  glaucum,  427 
Arthur,  J.  C.     Relationship  of  the  genus 

Kuehneola.  501 
Artocarpus  incisa,  147 
Arundinaria  tecta.'si 
Ascyrum  stans,  52,  55 
Asplenium  pycnocarpon.  337 
Aster  andinus.  444;  apricus,  444;  Canbyi. 

440;  ericoides,  387;  ericoides  villosus, 

387;  frondosus,  444;  griseolus.  440, 445; 

Lindleyanus,  436;  meritus,  434.  437 
Astragallus  spicatus,  438 
Astrothelium  sepultum,  323 
Atelophragma    elegans,    105,    433.    436; 

Forvvoodii.  434 
Atragene  tenuiloba,  433,  436 
Atriplex  alaskensis,  421;  argentea,  422; 

argentea   Hillmani,   423;    Barclayana, 

424;    canescens.     425;    carnosa,     420; 

cornuta,  422;   Coulteri,  424;   cristata, 

423;  curvidens,    424;  Davidsonii,  424; 

Draconis,      426;     drymarioides,     421; 

eremicola,  425;   expansa,  422;  expansa 

mohavensis,  422;  Gardneri,425;glomer- 

ata,  424;  Gmelinl,  421;  Gordoni,   425; 

Greggii,      425;     hastata,      420,      421; 


Hillmani.  423;  hortensia.  422;  joaqoi- 
nlana,  421;  Jonesii,  425;  lapathl- 
folia,  420;  littoralis,  421;  microcarpa, 
424;  minuscula,  423;  mohavensis,  43a; 
muricata,  424;  obovata,  425;  patula, 
421;  pentandra,  423;  phyllostegia.  426; 
polycarpa,  424;  pusilla,  423;  rosea. 
421;  sabulosa,  425;  saccaria,  422; 
spatiosa,  421;  soridida,  432;  tonorae, 
424;  zosteraefolia,  421 
Avena  americana.  102 
Azaliastnim  albiflonim,  434,  450 

Baccharis  halimifolia,  52,  55 

Baptlsia  tinctoria,  378 

Barbarea  Barbarea,  381;  vulgaris,  381 

Bathelium  gigantosporum,  323 

Batrachium  confervoides,  453 

Berry.  E.  W.  Contributions  to  the 
Mesozoic  flora  of  the  Atlantic  coastal 
plains,  XII. — ^Arkansas,  167;  A  mid- 
dle Eocene  Gonlopteris,  331 

Bertholletia  excelsa,  249 

Besseya  alpina.  445;  plantaginea,  440. 
445;  Ritteriana,  445 

Betula  glandulosa,  450,  451;  lenta,  274; 
lutea.  274;  nigra,  50.  55 

Biotora  Micheneri,  551 

BiCKNELL,  E.  P.  The  ferns  and  flower- 
ing plants  of  Nantucket — XVIII.  369 

Bistorta  bistortoides,  99,  100,  104.  X07, 
439.  448;  linearifolia,  439.  448;  vivi- 
para.  448 

Blitum,  420;  capitatum.  420,  virgatum, 
430 

Bobea  elatior,  155;  Hookeri,  155;  Mannli, 
155;  sandwicensis,  155;  timonioides, 
155 

Borraginaceae.  154.  189 

Botanical  work  of  Ezra  Michener,  The, 
547 

Botrychium  dissectum,  369;  Lunaria, 
loi;  tenebrosum,  369;  virginianum,  369 

Brassica  oleracea,  381 

Britton,  N.  L.  Studies  of  West  Indian 
plants — IX,  I 

Bromus  commutatus,  375;  hordaceus, 
375;  hordaceus  leptostachsrs,  375;  bor^ 
daceus  glabrescens,  375;  lanatipes, 
103;  polyanthus.  442;  Porteri,  99.  103, 
442;  Pumi>ellianus,  436;  racemosus, 
375;  Richardsonii,  433,  435,  442 

Broussaisia  pellucida.  147 

Broussonetia  papyrifera,  509 

Brown.  M.  M.  The  development  of  the 
embryo-sac  and  of  the  embryo  in 
Phaseolus  vulgaris,  535 

Brysonima  coccolobifolia,  510 

Buellia  placodiomorpha.  322;  rinodlno- 
I      spora,  321 

Bukakia  Crotonis.  507,  508;  mexicana, 
I      508 
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Bttpleunim  amrricanum.  445;  purpuras- 

criu.  447 
Bar*a  Bursa-pofttoris.  104,  xo8 
BUT1.KR.  O.    On  the  cause  of  alternate 

beaiins  in  the  apple.  85 

Calamagrofltis  canadensis.  103.  437*  439. 

451;  LangiKlorfii.  437,  439,  448 
Calligonum  canesrens.  435 
Calochortut  Gunnisonii.  99.  10 1,  104 
Calophyllum  inophyllum.  151 
Calpidia.  546 
Caltba  leptoftrpala.  100.  449;  rotundifolia. 

449 
Cabptromycrw  ramosus.  348 
Camclina  ^uitiva.  381 
Campanula  hctcrodoxa.  441.  445;  Parryi, 

100,  105.  440;  pciiolata.  99-108,  436. 

440.  444 
rami»anuUtTac.  156 
C  ampulcifiuH  aromaticu^.  $2,  55 
C^anavalu  rntiiorniit,  509;  gladiata,  509 
Caninar.  65 

Capnoi<lr^  brachycarpum.  438 
Cardaniine   acuminata.   449;   umbellata; 

449 
Car<luu«amrricana.  106, 108;  Centaurcac. 

H)6;rro-ue,  106;  Rri^eus,  lOJ.  106 
Caicx  atiUta.  441;  alata.  377;  albonigra. 

4,t9;  aciuaiiliii.   44K.  4^2;  atrata.  439. 

4;j;  auiru.  44K;  tK-lla.  440.  448.  453; 

brunnr-(rn«.  436.  417.  439.  448;  capil- 

lail«.    43y;   trpUuloitlca.    377;   chalcjf>- 

Irpii.  4M^,  4Si;  ituniaphiia,  443;  conoi- 

dra.   377;    tfinita,    376;    dthili*.    376; 

Uiandra.    177;  'li-p^fma,  44^;  eburnea, 

439;    hnK*lniannil.    443,    446;    cpapil- 

I<»*a.  440;  IfttiN  a.  9<>.  101.  103.  106,  107; 

flfxu«**a.    370;    (»r>ril.    436.    437,    443. 

4^4;    ity  mniK tdH-n,    44^;    Hcll«*ri.    44^; 

Ilrpburnii.     4X3,     4if>;     Ia<vivuKinala. 

37^;     Iaiiu.;irn»^a.      H)3;     lupulll<»Inu^. 

37*'*;    moiiilr,    37<'i,    riu»ntaJH*ii'*H,    441; 

niKri<an«,  4*9.  44  ^  4*'^;  noxa.  4  i9.  U8; 

nubiiola.  44  4;  el  tu-ata.  44 J,  446;  <K(i- 

drntali-.  103.41^.  44^;  i/<-nn''\  Kanit  a. 

103,  pljaf  ntH «  (.[.aUi,  4.;'*;  pr.una,  377; 

pv.-u«Ii>"mriK<u:»a.   44  i;   pMrnata.   4  <<>. 

443;  kr>nc*l<l»u.  4^(,.  4ih;  Ros^il,  4^6. 

437.     4*3.     4i'».     nji--tii-.     44J.     44^; 

•axadtt*,  44<>.  -pi'at-ilin.   441;  •.iij-.tia. 

376;  «traii.ui(-a,  3  ;, .  htraiiiiiu-a  litii  ra. 

377;  sirani.m-a  n  b  w  lU  1.  .^77;  ttm  ra. 

377;      l**mjl'.     37''';      utruulala.      lo^; 

Waltrfiana.   i77 
Caxpinu-  lafu  Jiii..na.  «;i 
C*aiphrpb«»ru»  \»  lii  Ift  liu*.  «;3 
CaMia   adf  TH.  ;k  rnia.    13;   a« -«  bin"rn<  r.r , 

10;    ari-tillita.  3tJ;  .i*prra.    Ji.    i' i ; 

a»iirfa  Mfl.ru,  3' t).  ,jf  i ;    !./< '.  im     i. 

Hufhli,   13;  t  aiii  iU  a.   *«,   <  t..iii  .h  (  11  -ta. 

IJ,  34H;   C  ti  iiiiat .  r.'ta  nut. tan-,  3^7; 


Chamaecrista  robufta,  351 ;  cuncata,  6; 
deprcssa.  35^;  diffusa,  xa.  34^;  diphyUa* 
5;fa8ciculata,  347;  flczuona  5;  glandu- 
losa.  8.  10;  gnunrolca,  6;  inaguensis, 
8;  leptadenia.  355:  llneata.  6;  Uneatm 
brachyloba.  6;  lucayana.  8;  Milleri, 
5 ;  roimoeoides  arffcbynomene.  1 1 ;  mira- 
bilis.  11;  mivsissippiensis,  353;  multi- 
pinnata.  359;  multipinnata  Nashii, 
350;  nidi  tans.  348.  356;  nictitans  com- 
mixta,  357;obcordata.  6;  patellaria.  10; 
pediceliaris.  13;  piiofta.  5;  polyadena, 
6,  10;  portoricensis.  7;  portoricensis 
callosa.  7;  portoricensis  granulata.  7; 
pygmaea,  10;  riparia.  11;  robunta.  351; 
I  rotundifolia.  5;  derpens.  5,  13;  Simp- 
soni.  361;  smaraKdina.  13;  titricta,  9; 
8trigillo«a.  13;  Swartzii.  9;  tomcntosa, 
I  538;  virgala.  8;  Wfightii.  343 
,  Castanea.  135:  dentata.  133.  136 

(  astrlaria  caldcola.  34;  jacquinifolia.  35 

Cafltilloja  brunncMcnit.  440.  451;  ccinlu«^, 

107.  434.  437;  (risia-Ralli.  105;  lanata, 

43«;   lanciuilia,   43H;  lutea,  441;  occi- 

.      dcntalifi.     444.     44^>;     palletKenfi.     441; 

I      pubrrnla.    445;    rbrxitolia,     43M;    i^uU 

phurea,  99.  100,  loi,  105,  108;  Tucrdyi, 

i      43H 

Cattiarinca  angu^tata.  369 

('<-IaKiracrao.  1  so 

(  rphalunthuH  (Kt  idcntali^.  51 

Ora^ttium  HfhrinKianum.  446;  Karlil, 
444;  <xx identalit.  101.  104,  107,  108; 
orcoptulum.  444;  Kropulorum.  443,  443; 
strictum.  443.  443;  variabilc.  443,  444 

Crrat(»l<'i<*unra.  537 

Cnoitlium  (  anavaliae.  505.  509:  Eviaa, 
510;  Fici»  5<>v.  Gossypii,  510;  Lannaaa. 
5  to;  paregrinum,  510;  Spondladis,  510; 
Vitis,  y>*J 

Cbarnat  ti"  alpi'na.  44<^ 

(  ba«-t<Hla'Jium,   34>,   387;   Brrfeldii.   350 

(  baei<K  bltui  "p..  53 

CbaniaiH  n»ia  adenospema.  4.13;  ac^  hi* 
nonunc.  4.  10;  anipli*tipulaia.  5;  aria- 
tellata,  3»o.  343;  a-i.*ia.  s\j,  361; 
axp^ra  Mthin.  3^>*>:  IH-Ilula.  347; 
t^raibiata.  340.  34S;  Bochil,  5. 
13;  calvt  i(H(U'^,  343;  ramiK»nira, 
34H:  caribaea,  3.  h;  Cbamaacrista, 
4,  13;  thaniaMn*t<>i»l«!'.  343;  com- 
pl'xa,  9;  Deeringuoa,  340.  3  is: 
<l«prr'''a.     <«;3;    ditiu-a,    13;    <l»i>t.\ila, 

3.  s;  Dussii,  4.  0,  (aMJata  4.  lo;  fa»- 
«:.  -Jata.  51.  3n.  iJT.  3^1.  3"^-. 
tl«  tU(»^a.  3,  5,  K'alKlult  a.  4.  S;  m^in' 
riitt  a.  {.  t>.  n  r.  ^laniiM'^a.  ).  7;  in- 
aguensis,  3.  h;  jap.au.  r.  i-  j.  7;  keyrn- 
n*.  u<).  s\\.  Im'**'-'' '  ■•».  .i-n.  .^s"!; 
l.i'.a'a.  3.  f,  iii'i'iu'i*.   >    (.  lucayana, 

4.  '^,  n.it  r  it.Mia,  |.  I  I,  .lit.  M  .l-|»aiif  Kii, 
Id,    tiiii  i*'i.i-.    4.     II;    m.-   I-  'i  I  M-n-in, 
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341.  353.  354;  multipinnata,  359*.  nic- 
titans,  3,  12,  341,  356,  359;  nictitans 
commixta,     3S7;     obcordata,    3,      6; 
patellaria,  4.    10;    pedicellaris,  5.  10; 
pUosa,  3,   5;   pinetonim,   3.    7;   poly- 
adena,    4,    10;    portoricensis.    3,     7; 
portricensis    callosa,   7;    portoricensis  | 
granulata.    7;   procumbens,  343 »  344*  I 
356.    357;    puberula.   341.    355;    py«- ! 
maea,  4,   10;  riparia,  4,   11;  rostrata, ! 
340,  346;  rotundifolia,  3,  5;  savannar- 
um,    4,    11;    serpens,  3,   5;  Simpsoni,  I 
362;    strigUlosa,    4.    12;    Swartzii,    4. 
9;  texana,  340,  343.  344;  Tracyi,  353; 
Tuerckheimii,  3.  8;  Wrightii,  340,  342; 
virgata,  9 

Chamaecrista  Moench  in  the  United 
States,  The  genus,  339 

Chamaecrista  Moench  in  the  West 
Indies,  3 

Chamaenerion  angustifolium,  105,  107, 
108,  438;  latifolium.  436,  438,  451 

Charpentiera  obovata,  147 

Cheirodendron  Gaudichaudii,  152;  platy- 
phyllum,  152 

Cheirinia  amoena,  447;  lanceolata.  442; 
nivalis.  447;  oblanceolata,  440,  444; 
radiata.  447 

Chenopodina  Moquini,  428 

Chenopodiaceae  of  the  North  American 
Flora,  The,  411 

Chenopodium,  412;  album.  412,  415,  416; 
araaranticolor.  415;  ambrosioides,  414, 
418,  419;  anthelminticum,  418,  419; 
aristatum.  417;  arizonicum,  415;  atro- 
virens,  414;  Botrys,  418;  chilense.  418; 
cornutum,  417,  418;  cycloides,  414; 
dacoticum.  416;  dissectum,  418;  fari- 
nosum,  419;  ferulatum,  416;  Fre- 
monti,  415;  glaucum,  379;  graveolens, 
417;  hians,  414;  inamoenum,  413;  in- 
cisum,  417;  leptophyllum,  413.  4^4; 
murale,  419;  murale  farinosum,  419; 
neomexicanum,  415;  nevadense,  414; 
opulifolium,  416;  paganum,  416;  pal- 
lescens,  413;  petio-lare.  416;  Pringlei, 
415;  salinum.  419;  subglabrum,  413; 
subspicatum,  420;  vagans,  418.  419; 
viride,  416;  Vulvaria,  414 

Chiloscyphus  polyanthus,  204 

Chiodecton  leiostictum,  322 

Chiogenes  hispidula,  434 

Chomelia  fasciculata,  21 

Chondrophora  nudata,  47.  52,  55 

Chondrophylla  Fremoniii,  101,   102,   105 

Chondrosea  Aizoon,  454 

Chr>'Sophyllum  polyncsicum,  153 

Chrysoinyxa  albida,  501;  \'itis.  509 

Chrj'soi)sis  ali>ic(>la,  443,  447;  a>pi'rclla, 
442;  graminifolia,  52,  55;  villu^a,  106, 
107,  100 

Chry.^osplenium  tctrandum,  452 


Cibotium  Chamiasoi.  146;  glaucum,  146; 

Menziesii.  146 
Cicuta  Curtissii,  53 
Cinnamomiae,  66 
Cinnamomum  intermedium,   187;  New- 

berryi,  169,  187 
Circinella,  246;  spinosa,  251,  287 
Cirsium  Eatonii,  438;  griseum,  438:  oreo* 

philum,  438.  451;  Parryi,  451;  scopu- 

lorum.  451 
Ciaoxylon  sandwicense,  150 
Claytonia  megarrhiza,  453 
Clementsia  rhodantha,  439 
Cleome  guianensis.  i,  2;  macrorhlza.  i, 

2;   obtuBft,    I,    2;   procumbens.    i.    3; 

Sloanei,  i;  stenophylla.  i,  2;  Wrightii, 

t,  2 
Cleome  procumbens  Jacq.  and  its  rela- 
tives, I 
Clermontia   arborescens,    156;   coerulea, 

156;  drepanomorpha,  156;  grandiflora, 

156;  Gaudichaudii.  156;  haleakalensis. 

156;   hawaiiensis,    156;   kohalae,    156; 

leptodada,     156;     oblongifolia.     156; 

Peleana.  156;  persicaefolia,  156;  tuber- 

culata,  156 
Clethra  alnifolia.  51 
CUnopodium  vulgaris.  386 
Cocos  nucifera.  146 
Coeloglossum  bracteatum,  436 
Cogswellia  montana,  443 
Collinsia  parviflora,  102,  105 
Collomia  debilis,  453;  linearis,  102,  X05. 

108 
Collybia  dryophila,  249 
Colubrina  oppositifoUa.  150 
Colutea  primordialis,  169,  184 
Comarum  palustre,  449 
Commelina  communis,  377 
Compositae,  157 
Condrophylla  americana.  452;  Fremontii, 

542 
Coniomitella  Williamsii,  447 
Conioselinum     coloradense,     434.     43^; 

scopulorum,  434,  436 
Contributions  to  the  Mesozoic  flora  of 

the  Atlantic  Coastal  plain,   XII. — Ar- 
kansas, 167 
Convallaria  angustifoUa.  120;  biflora,  120: 

canaliculata,  122;  commutatum,   122; 

hirta,  120;  multiflora,  122;  pubesccns, 

118;  Polygonatum,  126 
Coprosma  Grayana,  155;  kauaiensis.  156; 

longifolia,  156;  montana.  155;  pubens, 

156;  rhyncocarpa,  155;  Vontempskyi, 

155;  waimeae,  156 
Corallorhiza  maculata,  378 
Cordiaapiculata,  169,  i84;8ebe3tena,  189; 

trcmula,  189;  subcordata,  154 
Cornus  florida,  49,  50,  55 
Cracca  ambigua,  337;  angustifoUa,  3375 

onobrychoides,  338 
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CrepU  pcrplcxa.  loj.  106 

CriticmJ  study  of  certain  speck*  o(  Mucor. 

A,  341.  7B^ 
Cronanium  Byreonimatls,  510;  flacddum. 

510;  ZUyphi.  510 
CroMOtolc|eunea.  S2^ 
Croton  sylvaticus.  508 
Cr>'Ptocarya  Mannii»  147 
CunninxbainrUa  clrgans.  351.  aS? 
Cuscuu  Hpithymuni.  386 
CymncaaiiKUstifolia.  334.  235.  337;aiigu»- 

tifoJia   HillabraadU,   334;  aDgunifuUa 

lanaUmii.  33s;arborea.  156;  Bishopli. 

333:    comata.    337;    communis,    331; 

Copalandii,  331;  coriacra.  337;  Faurici. 

337;  F«nialdii.  331;  («ox,  335;  frtux 

horrlda.  335:  Ctiiroe4iana  cylindrocalyi. 

3vn:    hamaliflora,  335:    Hardji,    336. 

337;     Kunihiana.     333.     334;     lepto- 

stcgia.  156;  macrmtcKia.  23  s;  Mannii. 

337;  noU-metangera,  339;  obtuMlolia. 

^37;    inlakca.  J30;    platyph)!!^.    33 j; 

Ramyi,  2,\s;   M-atua.  aso;    spathulata. 

337;   stictophylla.  330.  331;   tniocata« 

334 
Cyalhrat-rar,  146,  171 
CyiadiK-rar,  171 
<  >l»iTUi  lotundu*.  51 
('\rilla  brrvitolia.  ^(^•,  ratrmitlctra,  5t,  5^ 
(  >«ttiim  p]at>tropi'*.  445 
Cylhi-rca  bullMii^.  4^3 

Danthonia   (atiiornua.   430;   intrfmr*t.a. 

lo<).    103,    4iy;    I*arr>i.    yg.    100,    101. 

436 
Da^iphora  (iutii4>Mi.   100,  lot,  104.  loO. 

107.  440.  443.  44f» 
L>u*\ -t(  pliatui  r«il\ri>*a.   445;  montufJa. 

44^.   I'arrM,    hh).    loi,    nt{,  444;   Kt)- 

nran/oMi.  107.  h<».  44*» 
Oaui  u^  (^ar'tt.i.  349 
|>ri  txltiii  M  I  tu  itl.iiu-.  S2,  5S 
I>ctioM'a  (uri.it  I  a,   337;   Kuntliiaiia,   3.u 

JU 
Drlplunitim    attcnuat urn.    4^1;    ItailK*\i, 

4^I.  Nrl'^ilUl.   ltt{,  r<t|iii<»luit1.  9iA   loo 

HM 
iH'ntaria  rut  it  da.  4U 
l)r^  hamt"  i.i  .il;.i-  -  :.»    4  |o;  Httoptirpurra. 

4*7.     I  i'^.    •  •»•    \  '''    '■».    i«*o.     Jt' J.    »'*^  . 

4i«j    t  uf.  :-  !  .1.   i ,.; 
Dr\i  ii'J'Hk  lit   I'l    tie    f  n,!'r\  t>--ai    atiil   ul 

ttir  rnil>r\t>  iii   l'tii-«<  i-,<.  \ulkari«.    ^t^ 
Drvrl  .-.iiM  lit «  t  ih*     t  .K.  1 1 .  I.I  /ra  M**\  .. 

I>rwal<itifa     )..(.'•'•  ti  ..u  a.     1^**.     Inslgni- 

formis,  I'y.  i*'j.  i>'i,  u.  •  u.-,  i**.. 
Smiilu.  I^«l 

l>ianthu«  I  I'  '  ■.'•jii-  >"<) 

1)1.  hroiiw  !,.(  i,ii  :•    .  .1  i  \ 

l>i*fc.'ii.ia  Ui  .1.-,  1,1,  *-itKri;.>t  '.a. 
u-j.  171 


Dirtrlia  Eviae.  510 
Diodia  teres.  53,  55 
Dioflpyros  virgtnlana.  51.  55 
Disporum  trachycarpum«  433.  436 
Difttcgia  invoiucraia.  345.  433,  435.  437, 

4SO 
Ditu  myricoides.  37 
I>odecatheon  radicatum.  105;  uniflorum, 

441 
Uodonaea  ericKarpa.  150;  viscosa,  150 
DoUchos  I.ablab.  509 
Dondia    bre\l{uUa.    4^9;    calceoliformts. 

437;   caiiiorni(^.    439;   conicrta.    438; 

deprrwa.  437;  crccta.  437;  frtiticosA« 

438;    linearis.    438;    mexicana.    438; 

Moquini.  438;  ramcMiiiwJma.  4^8:  »uf> 

fruirscTn*.    438;    taxilolia,    439;    \VU* 

nonii.  438 
iKmKlaiua  montana.  447 
Dratia    andina.    446;    aurea.    443.    446; 

aurriturmu.    434.    443.    443     brach\- 

st>U^,  443.  lana.  445.  chry«an(ha.  436. 

444;   cra««tlt»lia.    44  <;   druMtUira.    447; 

rurtxarpa.     447;     lombcnarpa.     447; 

iutrola.  44 J.  441-  44^'.  nUKla.  103,  437. 

443;    oliK"*K»^'™>'    44^>;    I'arrvi.    443, 

4  43;    I>ei'tinala.    4t7;    Mtlxihli  ra.    447; 

i>|ici  talulio,  440.  442,  444;  ktrrptfitari^. 

104.  434.  43f>.  440.  44<'.  444;  \rmrt>^. 

4  46 
I>racarna  aurra.  146 
DrtH^ria  dichotoma.  3(^1    ig?;  lonKitoIia. 

j,iH    4^();  rcitumliioha.    \(j\  4<*j.  4^0 
DrtiMra  rotunditulia,  Mcihanuo  ot  niovr* 

nirnt  in.  3H<> 
I>r\nuKalIu   ti^oa     A\^',  %\jini\uUm*,    KM. 

ich,  p^<  ut|otup< -ttn-.  tU.  445 
DiMtptf  n-  -piDwif^a.  370 
Diitautia  pl.int.it  iiif  a.  IS7 
I  >nk.il<!ia  1I<H.{M    .1.  440 
DutlnMiira  iritlh  a.  <>ttj.  sm.  sti 
I  >u pat \  a  montana,  3  i ;  poagena,  3.^ 

h  N  nat  r.ir.  1 1; ) 

h(  1. »!.•>*  hi. ^  iru»*'.tlli.  K3;  muritata.  373 

i  'iHiiiia  lUAi  r*«*  ji\».  4<;  I 

1'  l.K  i*  .ir(uli  t  AV.    I  si 

1- 1.1*  <!.  j;  [.u*  l.it.r!'  *    I  c  I 
h  It  ;<1  .intt  I'.i  kTiM  i,l,n,.;i.  a.  449 
I  '%  n.,.-  v'.i  ..  iJ"    u»  t     t  \7 .  -:i:.l  M  X.  44i 
I- !.'.«  It  ;  i-  (  (ivill,  I.  4^''    111  \   .    .tt^'j.  4.*^) 
lMi'*«''ta  t'urn*.    IJ7,    iJv.  v.'**   v.i      — 
-.pl  iM.-i-*.   Wv.  k\r'>N.i     IJ7    i;i,p.wa- 

•Jt.     A      1   |J.    I  »  t.    ..!..  ,.  .1'    ,      tj^ 

1  :.  .    li.at'\|t*u.   Son  f    tai*i>i*    i!.*''.rf(- 
II. I'  tii«-  pri".  .*Ji  r.v*   i4,  I -'7 

I   ;  .11  '1  ;.i'  «  .ir     1st 

1  .        ■  .    tt.      a  1  .i.um.       |f  t.      J'       .    '    '.- 
.1'.      in.    41  *     A-2,   li.ix.i',.:.  .    4  I  i. 
1    -.    l»r  .:■  :i  ...    4:1.     44*;    )1.  n  ' 

I.    •"    •      41       I.'    ...  '    .  I"..     4(1,      J 
*  ■         :     •    •       t  Ji.    4  w,   t\a'  !.  Iia,     j  ,  "^  , 
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paniculatum,  102,  105;  rubescens.  105; 

stramineum.  449 
Epipactis  pubescens,  378 
Erianthus  sp.,  52;  striata,  53 
Erica  vagans.  385 
Ericaceae,  187 
Erigeron  compositum,  446;  Coulteri,  436, 

438;  elatior,    107,   440;  eximius.    100, 

106,  108;  flagellaris.  440,  443;  formosis- 
simura.  440:  glabellus,  436,  440,  444; 
glandulosus,  447;  jucundus,  440; 
macranthus.  100.  106.  108;  melanoce- 
phalus.  446;  pinnatisectus,  447;  poli- 
tus.  441;  radicatus,  447;  salsuginosum, 

107,  440,  449;  Scribneri,  447;  simplex, 
446;  superbus,  440;  Tweed 3ri,  443,  447 

Eriocaulon    arenicola,    31;    decangulare. 

52,  55;  fusiforme,  32,  33;  ovoideum, 

32:  sigmoideum,  32 
Eriogonum  arcuatum,  442,  446;  chloran- 

thum,    442,    446;    flavum,    442,    446; 

heracleoides  443;  neglectum,  442,  446; 

Piperi,    443,    447;    polyphyllum,    443, 

447;    subalpinum.    100;    tomentosum. 

53;  umbellatum,  442,  446 
Eriophonim  alpinus,  449,  450;  angusti- 

folium,    448,    450;    Cliamissoms,    449, 

450;  gracile.  448;  Scheucheri,  449 
Eritrichium  argenteum,  446;  elongatum, 

446 
Erysimum  oblanceolatum,  107;  Wheeleri, 

104,  108 
Erythrina  monosperma,  148 
Erythronium     grandiflorum,     445;     ob- 

tusum,  445 
Eugenia  malaccensis,  152;  sandwicensis, 

152 
Eumucor,  246 
£upatorium  capillifolium,  53,   55;  com- 

positifolium,   53;   purpureum,   52;  ro- 

tundifolium.  47,  52:  verbenaefolium,  53 
Euphorbia  lorifolia,  150;  Rockii,  150 
Euphorbiaceae,  150,  185 
Euphrasia  mollis,  441 
Eurya  sandwicensis,  151 
Euthamia  caroliniana,  52,  55 
Evans.   A.  W.     A  new  Ivcjeunea  from 

Bermuda  and   the  West   Indies,   525; 

Notes  on  the  genus  Herberta,  with  a 

revision    of    the    species    known   from 

Europe,     Canada     and     the     United 

States,  TQi 
Evolvulus  arenicola,  36;  siliccus,  36 
Eysenhardtia    aniorphioides,    338;    poly- 

stachya, 338; texana,  338 

FagusKrandiflora,  136;  grandifolia,  51*274 

Feijoa  ScUowiana.  524 

Ferdinandca  aiigustata,  24;  brachycarpa, 

24;  stellata,  24 
Ferns  and  flowering  plants  of  Nantucket, 

The,— XVIII.  369 


'  Festuca  arundinacea.  375;  confinis.   99. 
I      103;  elatior.  375;  glabra,  375;  ingrata, 

99.  103;   ovina.   374;  ovina  hispidula, 

374;  pratensis.  375;   pseudovina.   100, 
I      103;  rubra,   100,   103,  108,  374;  rubra 

glaucodes,  375;  Thurberi,  100,  103 
I  Ficus   crassipes,    169,    178;   daphnogen- 

oides,  169,  177;  ovata,  179;  ovatifolia, 
I      169;  tomentosa.  506;  Woolsoni,  179 
Filipendula  Ulmaria,  382 
j  Flacourtiaceae.  151 

^  Fragaria  bracteata,  438;  glauca,  100-108, 
I  439;  indica,  502;  terrae-novac.  382 
I  Fraxinus  caroliniana.  51,  55;  excelsior,  268 
'  Frpminea,  503;  Duchesneae,  504,  511; 
I  obtusa,  503.  511;  Polylepidit,  504,  511 
Fruit  bud  formation — a  criticism,  455 

Gaillardia  aristata.  106 

Galactia  heterophylla.  339;  marginalis, 
339 

Galeopsis  Ladanum.  386;  Tetrahit,  386 
I  Galium  Aparine,  508;  boreale,  100,  10 1, 
,      105.  108 

Gardenia  Brigharai,  155;  Remjd,  155 

Gates.  R.  R.  A  Revision  of  the  genus 
Polygonatum  in  North  America,  117 

Gaultheria  humifusa,  433;  ovatifolia,  434 

Gay ophy turn  ramoaissimum,  102,  X05. 
442 

Genus  Leucocroton  Griscb.,  The,  13 

Geranium  maculatum,  475;  nervosum. 
105,  106;  Pattersonii,  443;  pumila,  443 

Germania  debilis.  444 

Geum  oregonense.  104;  rivale,  448 

Gilia  globularis,  446 

Gleason,  H.  a.  The  structure  and  de- 
velopment of  the  plant  association.  463 

Gleditschia  triacanthos.  275 

Glomerella  Psidii,  520;  rufomaculans.  520 

Glomerula  repens,  247,  250,  287,  308 

Gnaphalium  obtusifolium,  53 

Goniopteris,  A  middle  Eocene,  331 

Goniopteris  claibomiana,  331 

Goodeniaceae,  156 

Gordooia  Lasianthus.  51.  55 

GoRTNER,  R.  A..  Lawrence,  J.  V..  & 
Harris,  J.  A.  The  relationship  be- 
tween the  osmotic  concentration  of  leaf 
sap  and  height  of  leaf  insertion  in  trees. 
267 

Gouldia  axillaris.  154;  elongata,  154; 
macrocarpa.  155 

GouRLEV,  J.  H.  Fruit  bud  formation — 
a  criticism,  455 

Graphephorum  Wolfii»  440 

Grapliina  chrysocarpa,  323;  platygrapta, 
323 

Graphis  scalpturata  plurifera.  324 

Ciuavas  of  the  Hawaiian  Islands.  The.  513 

Guettarda  argentea,  523 

Guttiferae.  151 
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Gymnocmrpar.  66.  6«.  8j 

Habenaria  blepbaHglotti*.  5'.  55:  ciliarU. 
47.  S2.  55:cri<itat».  S3 

HamamHi*  virginiana.  38J 

Harpkb.  K.  M.  a  quantiutivc,  volu- 
metric and  dynamic  study  of  the  vtjce- 
Ution  of  the  Pinus  Tarda  belt  of  Vir- 
ginia and  the  Carolinaa.  3g 

Haebis.  J.  A.,  GoBTNBB.  R.  A.,  &  Law- 
BENCK.  J.V.  The  rrlat  ion  «hipt>ct  ween 
the  o«motic  concentration  of  leaf  sap 
and  height  of  leaf  insertion  in  trrm,  267 

Hawaiian  trren— a  criticiMn.  S45 

Hedera  Helix.  385 

Hedyimrum  Mackeniii.  437.  438:  sul- 
phurascens.  437.  438 

Heleniura  tenuifolium.  52.  55 

Hrhanthella  quinquenerviw.  gg.  106.  107 

Helianthun  anguMifolius.  S3 

Helictwtylum  piriforme.  150.  287 

Hemiera  ranunculi  (oil  a.  45' 

Herarleum  lanatum.  105 

Herbertaaduma,  30a  iij;  aduncaalpina, 
ao8;  adunca  nick«onianja.  208;  adunca 
straminea.  ioK,  Dickaoniana.  206.  207; 
dfcrana,  igy.  2 1 8;  Hutchinriaa,  206-  222; 
juniperina.    ig^>'2ii;    8«ndtBari,    205. 

207.  212.  213.  222;  Ptraminra,  305,  206. 

208.  212.  213;  ttnuis,  207.  2ig.  220  222 
Herberta.  Note**  on  thr  grnu^,  igi 
He«peris  matrtmali^.  381 
Hesperomannia    arlK»re*<rn».    157,    Kyd- 

Itatei.  157 
He«iieroi»euc^  MeTlrn»iana,  43 J 
Heucliera   f1at>rllifolia.   441.   445:   flavr«- 

cent.  441:  gUbra.  am,  grot^ularitolia. 

44 S:   Hallii.  453;  ovahtolia.  441.  447. 

parvi flora.  439.  4  U 
Heurteria  vepulta.  ^2\ 
Hit)iM*adripiiu4  (•itt.irdunu''.  tsi 
Hil>i»<u4   Arnotttanu*.    i^i;    kokio,    isi, 

tiliatru*.  I^i;  ^AUtmrur.  isi 
Hict>ria  alt»a.  ^1.  s*;:  J()uatita.  51.  S5 
Hirracium  gradlr.  436.  440 
Hippuruft  vulKari^.  44H.  tS2 
Homaiobus  BnurRnvii.  4ih,  hunnli«.  443. 

flrxu«»*u«».  i<»s 
H(M>Ki.K.     H.     I)..     Jr.     Mr(liani(4     cii 

movement  in  Dr^kM^ra  ri>tun(lilolia    3H(^ 
Honlrum  fijt»atuni.  410 
Hudi^mis  rruoi.lf-    \~H 
HutM*a  rainf»".i    (-.< 
Hvilrojtrra  ot.lKjua    2|S 
H\droplii«r.i  *ti  r«  ««f  •  .1    j  \S 
H\flrM|ih\  Ihirn  I'  i  rii'i<  1 1    Ii>> 
H\  mpn<.i..it.i>ij-.  I  .!i<-n  w  .    n  J 
Hxiwtuuni     t.t-t  i(  i.'.t' mil,     ^j      ■<  %.     fi  r- 

tn'i«um.  I<>s 


lititti\  i-im  • 
ula    u 


havaoentts,   \  1 


!• 


I  Ilex  glabra.  51.  55;  opaca.  50.  55:  sand- 
wicensis.  150 
Index  to  American  t>otanicaJ  literature, 
[      5Q.  III.  159.  22s,  261.  31  s.  3^S.  407. 
I       459.  497.  5-»0.  S59 
lonactis  linariifolius.  53 
Iris    missouriensin.    100.    101.    104.    136; 
p«eudocorus.   378;   tripetala.   53;   ver- 
aict>lor.  53 
Iw^Krs  Tuckermani,  370 
Ixmja  (;ordonii.442.  443.  446;  utahensls, 
447 

Jacquinia  keyenMa.  36 

Jamaica.  S«me  noteworthy  lichens  from. 

Ml 
Juglans  cinerra.  274 
Juncf>idrfl  arcticum.  452;  arruatum,  4^2; 

glabratum.     441.     451;    hy(>erborrum. 

4S2;  mtrrmc<lium.  43g;  npicatum.  4ti. 
'      4S(.    45 ':   "utMapitatum.    451;    par\i- 

tlorum.  439.  45 1 
Junru«  baitu'us  montanua.  101.  103.  106. 

108,  448.  451;  bufoniua  haJophilua,  377; 

vaAtaneua.  448;  Drummondii.  107.  443. 

454;    Hallii.    444;    MrTtm«tanu«.   419. 

448;  parous.  439.  449:  PartM.  443.  454; 

Regelii.       44g;      saximontanu«.      103; 

MTirpoide*.  53;  triglumia.  4l8.  4  52 
Jungermannia  adunca.  igi.  206.  20H,  210; 

condnnata.    igi;   didadcM.    ig2;    tuni- 

[M*rina.  igi*  208  214;  )uni|M^ma  adun- 
ca. 208;  Sautrriana.  212:  VNixmI^u.  ig2 
Juniperus  virginiana,  51.  55 

Kaimia  miciophylla.  450 

KctelerJa  crittata.  1(m>.  103,  i(i8 

Kokia  Kockii.  151 

Koniga  muriiima.  3K1 

Kurbnnila  albula.  501;  alirna.  ^r>6.  510; 
andjdila.  S02.  511^),  si".  Hutltrt.  S(*<>. 
S»o;  I)uchr*nrar.  s^J.  S'U;  hui.  soft. 
5oy;  (',(x»-\  pit  SI".  J-M**""*  •»  ""J  ^^*^' 
510;  malxKnla,  50s.  5<><*  Sii.  Mark> 
hamiar.  S02.  «;«»<i,  si  1  .<>*'« "-a.  ^'>i.  ^*>*: 
IMTfRrina.  s*>'j.  SI";  I  rt'lmit.  ^nj  S(»<>. 
<,!«),  \  lt!%,   <;t><».    Soy 

Kwurhnet>Ia.  RrlaOun-hip  cU  th«  K«'nu4   soi 

KaUirdia  mrmbranatta,  i  ^4,  nmlnkaiana. 

I  s  J.  M**..iii*.  I  <;  t.  tini!  'tia.  i  si 
1  .It  •lu.iriu  **\u^  ata.  <;  { 
I  aiitana  (  aniara    si 4 
1  a[<;<tj)a  ri>>iil>un<la     lot     I<'^ 
1  ari\  I  >  a    i>     1 1- 
I  ,1  irra     1- 1  *  l.i  m       \h.     (..It   ma       u*: 

mttttiu.'M        tti,       Kir.l'    i!-a.       ».i, 

I     '-.i-h:,.  ..'r  ..   ^,4 
I  .1*  i,\  ru*  an/"m. ']*.    n»»     la'i'    '.  .■      \^\ 
I    I    rati  a'-.  1*7     l.**: 
1.1    'ira    wi'.ii'-t'    ;<'fa     i.*t,     nefssper- 

nis,  ,.•  t 
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Lawrence,   J.   V.,    Harris,   J.   A..   & 

GoRTNER,    R.    A.    The    relationship 

between  the  osmotic  concentration  of 

leaf  sap  and  height  of  leaf  insertion  in 

trees,  267 
Lecanactis  premnea  plorilociilAris,  325 
Lecanora  subfusca  castanea,   325;   sul- 

phureorufa,  327;  versicolor.  327 
Leddea  dichroma,  327;  incondita,  328; 

megacarpa,    329;    plurilocularis,    325; 

versicolor  major,  329;  versicolor  vigl- 

lans,  328 
Ledum  glandulosum.  450;  groenlandicum, 

450 
Leguminosae,  148,  184 
Leguminosites  omphalobioides,  169,  185 
Lejeunea  floridana.  527,  528;  glaucescens. 

525,    527,   528;    minutUoba,  525-528; 

pililoba.  527 
Lejeunea  from  Bermuda  and  the  West 

Indies,  A  new,  525 
Lemna  gibba,  452;  minor,  452 
Lepargyrea  canadensis,  433 
Lepidium  neglectum.  380 
Leptasea  austromontana,  454;  Hirculus, 

439 
Leptilon  canadense,  52,  55 
Leptodactylon   Nuttallii,   444;   pungens, 

442 
Lescaillea  equisetiformis,  37 
Lespedeza  capitata  sericea,  52,  55;  hirta. 

339;  striata,  53 
Lepidozia,  192 
Lesquerella  montana,  442;  parvula,  447; 

Wardii,  442,  447 
Leucocroton  angustifolius,  13,   14;  flavi- 

cans,  13;  fiavicans  latifolius,  13;  fiavi- 

cans  angustifolius.  13;  linearifolius,  13, 

14;  revolutus,  13;  8axicola»  13;  virens. 

13.  IS;  Wrightii,  13 
Ligusticella  Eastwoodiae,  438 
Ligusticum  filicinum,  434;  Porteri.  433, 

436.  449 
Liliaceae,  146 
Lilium  Catesbaei,  52,  55 
Limnorchis  purpurascens,  433,  436;  viri- 

diflora,  104 
Linnaca  americana,  433;  longiflora,  434 
Linum  Lcvvisii,  105 

Liquidambar  Styraciflua,  50,  51,  55,  136 
Liriodendron  Meekii,   169,  180;  oblongi- 

folium.     183;    primaevum,     181,     182; 

quercifolium,   169,    170,    182;   semiala- 

tum,  18 1 ;  simplex.  181,  182;  Tulipifera, 

50,  55.  181 
Lithophragma  bulbifera,  443 
Lloydia  serotina,  439,  443 
Lobelia  Dortmanna,   453;   Gaudichaudii 

coccinea,  238,  239;  kauaiensis  villosa, 

237 
Loganiaceae,  154 
Loiiiccra  japonica,  51 


Lopadium  castaneum,  325 

Ludwigia  pilosa,  53 

Lupinus   caespitosus,    438,    445;    densi- 

flonis,  405;  horizontalis,  405;  luteolus. 

405;  malacophyllus,  405;  microcarpus. 

405;  monticola,  438,  441;  parviflorua. 

436;   polyphyllus,   541;   pulcherrimua, 

436;  BubvezuB,  405;  venustus,  540 
Lupinus,  Studies  in  the  genus, — L,  40S 
Lycopersicum  esculentum,  249 
Lycopodium  alopecuroides.  53;  obscurum 

dendroideum,  370 
Lygodesmia  juncea,  443 
Lysiella  obtusata,  433 
Lythrum  Salicaria,  384;  Salicaria  tomen- 

tosum,  384 

Maba  Hillebrandii,  153;  sand  wicensis.  153 

MacCaughey,  V.  An  annotated  list 
of  the  forest  trees  of  the  Hawaiian 
Archipelago,  145;  The  guavas  of  the 
Hawaiian  Islands,  513 

Machaeranthera  Pattersonii,  445-  453 

Macronema  discoideum,  442,  453 

Magnolia  acuminata,  268;  glauca,  50, 
51.  55 

Magnoliaceae,  180 

Malus  Amoldiana,  457;  astrachanica 
457;  angustifolius,  457;  baccata,  456; 
baccata  aurantiaca.  456 ;  baccata  Jackii, 
456;  baccata  mandshurica,  456;  bac- 
cata sanguinea,  456;  cerasifera.  457; 
coronaria,  457;  florobunda,  457;  ioensis, 
457;  micromalus,  457;  prunlfolia,  457; 
prunifolia,  Rinki,  457;  pumila  apetala. 
456;  pumila  Niedzwetzkyana,  456; 
Scheideckeri,  457;  Sieboldii,  457;  spec- 
tabilis,  457;  zumi,  457 

Malvaceae,  151 

Malvaviscus  arboreus,  505;  Drummondii, 
504;  mollis,  505 

Manihotites  georgiana.  169,  185 

Marshallia  graminifolia.  52,  55 

Mastigophora.  192 

Meadow  vegetation  in  the  montane 
region  of  northern  Colorado,  97 

Mechanics  of  movement  in  Drosera  ro- 
tundifoUa,  389 

Medicago  sativa,  538,  540 

Megalospora,  321,  326;  Cummingsiae, 
326,  327,  329;  jamaicensis.  326,  327; 
premneella,  326, 330;  sulphurata,  326. 
329;  sulphurata  genuina,  327.  329; 
sulphurata^egacarpa,'327, 329;  sulphu- 
rata nigricans,  327,  328;  solphureontfa, 
326,  327;  versicolor,  326-328;  versi- 
color dichroma,  326-329;  versicolor 
livido-cincta,  326;  versicolor  major, 
326,  329 

Melampsoraceae,  508 

Meliola  Camelliae,  519 

Mcnispermaceae,  183 
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Mcni«pcrtnit««     borealU.     184;    int«cri- 

foUa«  169.  183 
Meotha     caiiaden4i«.     387;     cmnadeiuis 

xiabrmta.  387;  canadensis  lanata.  387; 

clabrau.  387 
Mcrtensia  alpina,  444;  Bakeri.  100.  105, 

444:  lateriflora,  444:  panJculata.  441. 

445.  451:  Parryi.  445:  pratensis.  440; 

stcnoloba.  44>.  445.  45i;  Tweedyi.  445; 

viridula.  105 
Moadenia  lanceolata.  5 3.  55 
Me«o«i>haeruro  radiatum.  53 
Mexoneunitn  kauaiens**.  148 
Metroaideros    macropus.    152;    polymor- 

pha,  15a:  rufOAa.  i$2;  tremuloidefl.  152 
Micbcoer,  The  botanical  work  of  Exra, 

547 
Micranthp^  arKuta.  433.  448;  arnoglcMra. 

443.453:  brnrh>'pu!i.  443:  Brunnoniana. 

45a;    Kv:iltii.    45a:    cKcidentalii*.    445; 

rhomt>oi<lra.  loi.  107,  443;  Rydbergii. 

44 S:  saxjmontana.  445 
Middle  Kcx^ne  CJoniopteris,  A,  33 x 
Mikania  «randrn4.  53 
MioutifaUae.  66.  68.  81 
Mimulut  LanRwlorfii.  449 
Moraccaf*.  146 

MoehrinKia  macrophylla.  436.  437 
Monarda  punctata.  53 
MonewHi  reticulata.  434;  uniflora.  433 
Moraceae.  177 

Morinda  ntriloiia.  156;  trimcra,  156 
Moru«  indica.  509 
Murof.  A  critical  study  of  certain  ipcciei 

of,  341.  aH7 
Mucor  abaodans,  3  so.  387.  3K9.  393.  394: 

aromaticoa,  3S<>.  a^H.  290,  a(/>;  iM>irv- 

oldr«.  as  I.  asv;  tir<»m'llujfl«'*.  a  is.  ^so, 

351.   3H<>,   i(j\,   394;  coprophilus,   asi. 

35g,  3hH,  jtj^t,  a<>s.  ^v7.  .{'»<>.  I'o;  chii-*- 

tianirnM^,    asi.    a*".*.    Joi.    <•>*):   corti- 

C(>iu4.  J^i.   aM*>,  2»}i,  (ilonjf-njla.   347; 

Cris«o-lilaciout,    j^n.    jhh.    j^jo.    jgt. 

301:  gr.-ro  I  \anui  J  so,  aSg,  j<^).  j<j\, 

300;  friseoapoms,  a  so,  iss.  J^^>.  2^s. 

ago.  ags.  a'>7.  ai>H,   \to',  hirnialM.  a  so, 

aSI.  2HH.  2'yi,  3*ji,   io'>;    fariHvni,    ajH. 

ayj;  I.inijif.i.;- .III*.  JSo.  a**';.  2*)J.  J**';; 

Mcwlifri,  3  47;   Mu»iMl<i,   J\2,   Jjs   aiS. 

3843,  [)la*niatit  u".  a4S;  plumU-u-i.  J^l. 

a^g.    a«>s.    i'/'.    l'*'^:    ra<iin<>-u-..    a  jo. 

34^.  J'/t.    ^'»7;  Kaiii  itiniari']*.  J^i.  as<>. 

a<».   j<»a,  K..IHU.  a  p.  si'-i'mn-n.  a-o. 

asi.  a*v.  J'>o.  ivA  -lUatJMi'*.  a'";.  Jvt. 

3*'^;;    •p.af  •<  t-n*.    asL    ass.    2^-ki,    i'^S. 

30a.   if»-^.  -Mil  irf.>.p'»ru',  asi.  a-g.  a«;i. 

ags.  -'■/'.    i"'.    V>7;  Tsrians,  a-)0,  a'l. 

a^'*.  i  /*!.  -•  /"i 
Muhlf-ii'-f    *i     I'Tiia'a.      Jig;     ra*  ••"!     a. 

4?g;  \\<  i*  I.  *t'> 
Mu     a'i  I  .1,  ■  .  ,•    '  ,.   xsj 


I  Myoponim  sandwicense.  154 
'  Myosotis  alpestris.  440.  448 
Myrica  cerifera.  51*  55;  dnnamotnifoUa^ 

169,  170.  175;  clifTwoodensis.  i6g.  174; 

longa.  169.  17$;  pumila.  $2 
Myricaceae.  174 
Myrsinaceae,  153 
Myrtaceae.  15a 
Myrtus  Uffni,  534 
I 
Nantucket.    The    ferns    and    flowering 

planu  of.— XVIII.  369 
Nardsnus  poeticus  378 
I  Nciocrene  parvi folia,  452 
Neowawraea  pbyllanthoides,  150 
Netlia  paniculaU,  3^1 
,  Nictitella  amena.  357;  upera,  361 
Notes  on    Hawaiian   Lobelioidiae.   with 

descriptions  of     new  species  and  va- 
rieties. 239 
Notes  on  plants  of  the  southern  United 

States— III.  337 
Notes  on  Rosaceae —  XI,  65 
Notes  on  the  genera  Herberta.  with  a 

revision   of   the   species   known   from 

Europe,  Canada  and  the  United  Sutes, 

191 
Nr>thocestnim     brevifloruro,     154;    latl- 

folium,  154;  longifolium.   154:  subcor- 

datura.  154 
Nototrichium  sandwicense,  147 
Nyctaginaceac.  147 
Nymphaea  tluviatilis.  53;  sagittifolia.  53; 

p(>l>i4epala.  452 
Nyssa  biflora.  50.  55;  uniflora.  50,  55 

Obione  GardneH.  43  s:  phyllostegia.  426 
( )(  fllularia  chionostoma,  335 

t>thr<»^ia  Handwitrn«»u,  154 

<  hUmx  W(wht-r.  510 
(M'noihrra.  ^«s;  rutK^M^rni.  384 
(»l«-a«  vAr.  I  s  4 

Oil  th**  ca'i^  of  altrrnalc  Ix-aiing  in  llic 

ajipU".  hs 
()j>»-Ktaplia  chr\*<x  arjja,  WJ 
Ophrv^  tKiriMlj''.   4U;  nri»hrotih\  lla.  433 

<  JfohuH  an.'ii^tiliiliijt,  s  41 ;  aurru-,  5  41 
()rf'"lK)!ij-  Iiuia'ti-.  J  ^H 
OiiM^Uruina  inintna.  447;  pyi;nia''a.  446 
<)rr*«  lirv^nm  l*arivi.  4  i^.  4  if*.  445 
Orro-trtniiia  Hav  f«*nl.  44S.  4  47 
Orroxin  alpina.  447;      Hakcn,      447;     hu- 
ll..!iv   147 

(  )riiitti('i-.il'ini  uintwll  itiim.   ^78 
()rtli*»<  aipti*  luti-U".  10 J.  Hi*i 
(  >.nnntl.'j  .  -an«lwi<  i-n-l*.  I  S  4 
0-rii'>irl.)/a    1.1hi,..i,    4^4.    4i7;    oSfi-a, 
4si.   4/> 

<  »"iiiijn'ia  ( iiinani'iriK  a.   3a.   SS,  li*;i.i' mu. 

\  iS 

<  >  -.<•  a  d  iit.iru'i-n  i-     n 

,  <  ix\    •«  <  II-  iKilii  .iiM.   4    <i 
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Oiydendrum,  49;  arboreum.  50,  55 
Oxypolis  Fendleri,  451;  filiformis,  53,  55 
Oxyria  digyna,  453,  454 
Ozomelis  Parryi,  433;  stauropetala,  433; 
stenophyllus,  433;  trifida,  434 

Pachystima  myrsinites,  433 

Paepalanthus  pungens,  33 

Palmae,  146 

Pandanaceae.  146 

Pandanus  odoratissimus,  146 

Panicularia  nervata,  437,  439,  451;  pauci- 
flora,  437.  439.  448 

Panicum  alberaarlense.  373,  374;  au- 
bumae,  374;  columbianum,  372,  373; 
columbianum  thiniuni,373;  hemitomon, 
52,  55;  huachucae,  374;  imbricatum. 
238;  implicatum,  374;  isachnoides, 
238;  meridionale,  372-374;  monticola, 
238;  oricola,  372,  373;  scoparium,  374; 
tsugetorum.  372,  373;  virgatum,  372 

Papaver  Rhoeas,  380;  somniferum,  380 

Parasitella  simplex,  247 

Parnassia  fimbriata,  433.  448;  Kotzebuei, 
434.  449;  palustris,  434.  449 

Paronychia  pulvinata,  446 

Passiflora  in  Cuba,  15 

Passiflora  angustifolia,  18;  Berteriana, 
15,  18;  coriacea,  17;  ciliata  polyadena, 
19;  cubensis,  15,  17;  cuprea,  15,  17; 
dasyadenia,  16.  20;  foetida,  15,  18; 
foetida  gossy  pi  folia.  i8;gossypifolia,  15, 
18;  hederacea,  18;  hirsuta,  18;  holo- 
sericea,  16,  20;  incarnata,  15,  20;  laufi- 
folia,  15,  i6;maliformis,  15, 16;  minima, 
18;  multiflora.  16.  20;  nipensis,  15.  17; 
pallens,  15,  17;  pallida.   15,18;  pedata. 

15.  16;  penduliflora,  15,  19;  pseudo- 
ciliata»  15,  19;  pubescens,  19;  quad- 
rangularis,  15,  16;  reticulata,  20;  rubra, 

16,  19;  sexflora,  16,  19;  Shmferi,  15,  17; 
suberosa,  18 

Patellaria  livid o-cincta,  328;  premneella, 
330;  sulphurata  vigilans,  329;  versicolor 
livido-cincta,  328;  vigilans  nigricans,  329 

Pectianthia  Breweri,  434;  pentandra,  433 

Pedicularis  bracteata,  436;  bracteosa, 
449;  Canbyi,  449;  ctenophora.  449; 
contorta,  437,  449;  cystopteridifolia, 
449;  Grayi,  105;  Hallii,  445.  449; 
lunata,  449;  Parryi,  99,  100,  loi, 
105,  107,  445;  racemosa,  433.  43^; 
scopulorum,  445 

Pelea  anisata,  149;  auriculaefolia,  149; 
barbigera,  149;  cinerea,  149;  clusiae- 
folia,  149;  elliptica,  149;  kauaiensis, 
149;  Knudsenii,  149;  macropus,  149; 
microcarpa,  149;  molokaiensis,  149; 
multiflora,  149;  orbicularis.  149;  ro- 
tundifolia,  149;  sandwicensis,  149; 
papotaefolia,  149;  volcanica,  149;  waia- 
lealae,  149;  Wawraeana,  149 


Pennell.  F.  W.    Notes  on  plants  of  the 

Southern  United  States — III.  337 
Pentstemon  caespitosus.  443.  445;  crassi- 

folium,  441;   fruticosum,   441;   Hallii. 

453;  Harbourii.  453:  Lyallii,  441;  mon- 

tanus,   445;   procerus.    100,   loi,    105, 

108,    442,    444;    pseudohumilis.    445; 

stenosepalus,  445,  453;  Tweedyi,  445 
Peramium  pubescens.  378 
Perrottetia  sandwicensis.  1 50 
Persea  pubescens,  51,  55 
Persicaria  Hartwrightii,  379;  hirsuta.  36 
Pertusaria  verrucosa,  325 
Petasites  corymbosa.  449 
I  Phacelia  alpina,  444;  ciliosa.  444;  hetero- 

phylla,  442,  444;  Lyallii,  445;  nervosa. 

444;  sericea.  444 
Phaeographina  caesiopniinosa,  324;  quas- 

siaecola.  324;  scalpturata,  324 
Phakospora  Aeschjmomenis,  509;  alpma* 

508;    argentinensis,     508;    BridelUe, 

509;   Crotalariae,   509;   Crotonis,  508; 

fenestraU,  508;  Glochidii,  508;  Juelii. 

507;  mexieana,  508;  Meibomxae,  509; 

Pachyrhizi,    507;     punctiformis,    507, 

508;  stratosa,  508;  Vignae,  509;  Vitis, 

507.  508 
Phaseolus  lunatus,  509;  multiflonis,  535. 

537.  539.  541;  vulgaris,  535 
Phaseolus  vulgaris.  The  development  of 

the  embryo-sac  and  of  the  embryo  in, 

535 
Phegopteris  Phegopteris,  370;   polypodi- 

oides,  370 
Phaeotrema  platycarpoides,  325 
Phenax  Sonneratii,  36 
Phleum  alpinum,  99,  103,  437,  439.  448; 

pratense,  99,  103,  106,  108,  439 
Phlox   alyssifolia.  441,  443;    caespitosa, 

446;    condensata,    447;   costata.    447; 

depressa,     446;     diapensioides,     447; 

Kelseyi,  440;  pilosa.  475 
Phoenicaulis  cheiranthoides,  447 
Phoradendron  flavescens,  51,  55 
Phragmidium  albidum,  501;  Duchesneae, 

504;  Potentillae-canadensis,  503;  Tor- 

mentillae.  503 
Phycomyces  nitens.  251,  287 
Phyllanthus  distichus.  508;  grandifolius, 

508;    Niruri.   508;   nummulariaefolius, 

36 
Phyllodoce    empetriformis,    450;    glan- 

duliflora.  450 
Physopella  Artocarpi,   508;  Cherimoliae, 

508;  concors,  509;  Fici,  509;  Maclurae, 

508;  Meibomiae,  509 
Phytogeopraphical    notes   on  the  Rocky 

Mountain  Region — VII.     Formations 

in  the  Subalpine  Zone.  431 
Picea  Engelmannii,  431,  434 
Pieris  nitida.  51,  55 
Pilea  Cowellii,  34 
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Pitubolus  cxy«Ullinu«.  24^.  351.  287. 
longipcft.  350.  j«7;  (MMlipu*.  351,  287 

FikMcllm  RichartJ*oniana«  447 

PinAi-Yar.  172 

PinxuU'uU  vulgaris.  450 

Pinus  albicmulU.  435;  ar{«tata.  43^  435: 
lUnkvUnA.  37':  echinata.  so.  5S: 
Klliottii.  40:  rxili*.  4,) 2;  flexiU«,  434: 
Murrayana.  412;  pahtUri^,  41.  46.  47. 
49.  S**.  54.  55 :  •CTOtina,  40.  50,  55: 
StrobuA,  $7*;  •y!vc«iri«,  249;  Tarda. 
30-54 

Plptoc*phali«,  24s 

Piptiuu*  albiilu«.  147 

Firrlla.  246 

Ptaonia,  546;  Incrnw.  147;  wndwlcm»i«. 
147;  utntx>lU(rra,  147 

Pituni  ftativum,  54 r 

Pltt(«poraccar.  148 

PUt<MtM>runi  acuminatum.  148;  cauli* 
florum.  148;  contrrtiHorum.  148;  Ctay- 
anuin.  t|8:  itUhrum.  148;  Klomrratum. 
I  tH;  Hawdtirnwr.  148;  llttttnrri.  148; 
in^iKnr.  14H;  kauairnv.  14^^;  "pathula- 
turn.  148;  trrnunaliouJes.  148 

Ptancra  aqua 1 1(4.  S(.  SS 

Platanut  (icctdrntalii.   St.  55;  orirntali*. 

275 
Piatyrarp(>«.  A  nrw  ^iKtic*  of  the  »ub- 

grnu*.  4«>S 
PlatyiWma  (anipanuUtum.  140 
PlagKH'tiila  aopU*ni<)i«1<^.  204 
Pleinronia  ixlorata.  i  ss 
PlrurtHivnc  lontana.  448.  4 Si 
PJeuTozia  purpurea,  204 
Poa  alpina.  439.  4S2;  annua.  483;  Buik- 

tr\ana,   442;  caliichroa,   440;  t-rtK^ta. 

107.  4i,?.  4 IS.  442;  cpili*.  loj;  intrtiur. 

10 »;    IrpttHoma.    4*7.    4  tV.    449.    4Si; 

lonRiUKula.  442;  ttJcida.  442;  nrrv(>«a. 

441;  ncvatlcn-4*,  n»,?;  tK-t*iilrntaIi«,  440; 

()lnr>i,  4J7.   4?g;  pralrnnj*.    108.  4*0, 

pudu-a.  4 to;  rrtlrxa,  4M.  4}0.  448.  4SI. 

ru(iirf>la.  101.  ^ubpurpurra,  luj;  triLl.cv 

Irpi^.  4 id;  Va^rvTuia,  419 
Pcxliiiamttt^  marginatu*.   KtQ,   171.   172; 

»p..  iff^i,  172 
PolrmonJum    Brandrk*'-!.    4)4.    45):    con- 

Irrtum,  444.  4^\:  dtlnatum.  4U.  4U. 

4Sl.    4S4:     tttli -(•^^iiuum.     4t^.    (*a>- 

anum.   4'^t;   riHllttuni.   4U;   pukbrtri- 

mum.  4<;*    •«iMtn>'ium.  4*:t.  \i'Hi»-um, 

444.  4S? 
Polyic<ila  cvmo^i.   SJ.    ^^:  lutra.  52,   ss; 

ramn^a.  SJ.  ^^ 
Pol  yKtin.i  turn     amru'iivliuni.      120;     l>t- 

florum.     117    i-m;    biH-irurti    rommuta- 

tum.      iJ\.    *>iHMnirti     ntv  wiftini.    i3t. 

biilorum     habetifoUaiB.    :.m.    ij^,    !>< 

fl<)rum   «.vat»:iti.    1 24;   t  if't-r-jii.    \irfc-iSM 

<um.    i-M.    iHirt-.ilo.    ijn.    110.    t»"rt.il«- 

au-traU     in;;  •  analu  u'af  imh,   1 1  T.  IJJ; 


canaliculatum  glgantcum.  124;  cobraa- 
lii,  126;  ct>mmutatum.  117,  122.  124; 
commutatum  OTatvai«  124;  commuta- 
tum  Tifgintewm,  I2j;  cuneatum.  irg: 
rUiptiruro.  126;  gigantrum  118,  ut; 
Hauuknccbtii.  118;  birturo.  117,  i.*o. 
latiloUum  commutatum.  123:  multi- 
rtorum  amrriianuro.  118.  120,  123,  ii|. 
parvirtorum.  117.  12s:  pubr^ccna.  118, 
120;  pul>r-«crn«aoatrala,  iiv;  pubracrn* 
(uncatum.  119;  vcrtuillatum.  118;  \ir- 
ginu'um.  iiQ.  lii,  124 

PoJyxonatum  m  Niirth  America.  A  re- 
vi<*jon  at  the  gmu«.  117 

PoIyKonum  Kngelmannii.  102.  104;  Haru 
wrigblii.  J7g 

Pol\  [MKlium  vulgarr.  369 

Polyprrmum  pfocuml>rn«.  53 

Pont<Hlrfia  cord  at  a.  53 

Populu*  brtrrophylla.  51.  55;  trrmu- 
loidc^.  IJ2.  43?.  4.H 

Potamoertim  alptnu*.  |S2 

Potrntilla  araibnoidra.  4)9.  442,  416; 
brrviffilia,  447;  cana()rti«j«.  502,  504; 
drcurrcn*.  439;  dlxrr^tulta.  439.  443; 
divMa.  44).  4t<^;bli[»ni.  io|.  439.  442, 
44):  Hat>rllilulia.  441:  gUucophylla. 
4)9.443;  glomcrata.  441;  gradliii.  101. 
104;  Hippiana.  nx).  104;  Macounti. 
447;  minutitolia.  447:  mudr^ta.  444; 
mon»|>rlim*ii.  loj.  104.  108;  muta. 
504;  nivra.  44).  44'*:  paudjuga.  447: 
prrdi*n*la.  4  4-*;  pr<xuml>rn«.  S04;  pul- 
cbrrnma.  s»9  i'>**:  quin()urfuJia.  4  4): 
rrt  ta.   {H2;  rrptan«.  504;  «aximf»ntana. 

443.  44*^;    «\l\r*in«.    S04;    trnrrnma. 

444.  4  47.  Tormrntdlar.  S(M.  unirtora' 
44'*:  \irKultata.  441;  Mridior.  44(>; 
viruir^rn«  441:  Vrrtlandu.  441,  44s. 
wvomingrn*!^.  447 

Po\AH.  A.  H.  \V.  A  critical  •tmJv  «>l 
trrtain  ^i»r\  It  *  of  M  ui  iif .  J  41.  iM? 

(*riintjla  ant;uoiii>>iia.  440.  44 1;  ParrM, 
44".   44'*.    4^) 

Pritt  hardia.  I  4f^;  Gaudicliau'Jit.  S4S: 
Martu.  S4S 

Pri>trt»iilr*tra*-.iiir^I  7H.  da[)tmitK<*n()tlr«. 
177;  loniiu*.  ITS 

Prunun  anKu^tiinba.  si.  ^5 

I'-Ktilluita  Lami>r«in«.  J4<j 

I*«nlrra  quin(tu«*t<<!;a    |~H 

I'-^pii'liB  \  iii'tpti  I  ..*  t>i  .riiLitiii.  4  47.  n«  n- 
<lcr«  nil  1?  I .  inivnt  ifuM,  tt4  l»**;"\l- 
\an<  .«.  4  ^7 ,  I' ">i.i  ■'•  i'.  v«.r  i"7,  I  M«*. 
•ttfiiiiui.  444 

P»«-u<i.»i!.--rM-  Br';n<'niatia.  i  ity 

P-«M.|..jii«  f  \  \..i  aiu>.it.u  4^t.  I-'f..  '*  a. 
14) 

I*'i  !i:im  \r.»c>.  ^'').  ar  >Miaf* 'J'n.  SI'; 
t  .lit  -  .  u.  m  S-J.  \.'i.  <  ai'.*  •  t!  •  rti 
I.  1  !  :••.  ^j;  t  hinrn«-,  SJ).  til*f.t.;, 
>     ;'.»;■  ii      :•  '.   SI'  ;  rtuviatlie.  51^  ; 
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Friedrichsthalianum,  523;  grandifolium, 

516;  Guajava.  516,  520,  522;  incanes- 

cens,  516;  luddum.  523;   molle,    521; 

montanum,  523;  sinense.  523;  striata- 

lum,  416. 
Psudotsuga  mucratona,  432.  433 
Psychotria   grandiflora,    155;   hexandra. 

iS5;hirta,  IS5 
Pteralyxia  macrocarpa,  154 
Pteridium  aquilinum.  52,  55 
Pterotropia  dipyrena,  152;  gymnocarpa, 

152;  kavaiensis,  152 
Pulsatilla   ludo\*iciana,    442,    446;    occi- 

dentalis,  441 
PjTola  chlorantha,  433;  minor,  433,  436; 

secunda,  433,  43^;  uUginosa,  434,  436, 

448 
Pyrrocoma  Clementis,  440 
Pyrus  betulaefolia,  457;   Bretschneideri, 

457;  Malus,  249;  ovoidea,  457;  phaeo- 

carpa,  457 

Quantitative,  volumetric  and  dynamic 
study  of  the  vegetation  of  the  Pinus 
Taeda  belt  of  Virginia  and  the  Caro- 
linas,  A,  39 

Quercus  alba,  50,  55,  133.  136:  Catesbaei, 
50,  55;  cinerea,  51,  55;  coccinea,  I35» 
136,  275;  digitata,  135;  falcata,  50, 
136;  georgiana,  135;  imbricaria,  135; 
laurifolia,  51,  $5;  lyrata,  51,  55;  mari- 
landica,  135;  47,  49,  50;  Michauxii,  51, 
55;  nigra,  50,  55,  135;  palustris.  275; 
Phellos.  50.  135;  Prinus,  135,  136,  275; 
pumilla,  51,  55;  rubra,  135.  136;  stel- 
lata,  so;  velutina,  135,  136;  virginlana. 
135 

Rabdoids,  393 

Radicula    alpina,    448;    curvipes,     449; 

sylvestris,  381;  Unden\oodii,  449 
Raillardia  arborea,  157;  Menziesii,  157; 

struthioloides.  157 
Ramalina  peruviana,  325 
Ranunculaceae.  179 
Ranunculus   affinis,    104,    448;    alismae- 

folius,  439i  449;  alismellus,  441,  449; 

alpeophilus,    439,    452;   cardeophyllus, 

104;  Eschscholtzii,  439,  452;  eximius, 

439,    448;    Helleri,   449;   micropetalus, 

439.  449;  vsaxicola,  441;  Suksdorfii,  441, 

449;  stenolobus,  449 
Rauvvolfia  sandwicensls,  154 
Rectolcjeunea,  527 
Reed,  E.  L.     Meadow  vegetation  in  the 

montane  region  of  northern  Colorado, 

97 
Relationship  of  the  genus  Kuehneola,  501 
Revision  of  the  genus  Polygonatum  in 

North  America,  A,  117 
Reynoldsia  sandwicensis,  152 
Rhamnaceae.  150 


Rhexia  alifanus.  52;  mariana,  53 

Rhinanthus  Crista-galli,  102.  105 

Rhizopus  arrhlzus,  251,  287;  nigricans. 
248.  251.  287,  309;  nodosus,  309 

Rhodiola  integrifolia.  443,  446;  poly- 
gama.  444 

Rhus  copallina,  51,  55;  semilata  sand- 
wicensis, 150 

Rhynchospora  axillaris,  53;  comiculata, 
53;  inexpansa,  52 

Rhynchostegium  semilatum,  370 

Ribes  coloradense,  436;  glandulosum, 
437.  438;  hudsonianum,  434.  437,  438; 
laxiflorum,  434,  437;  montigenum, 
453:  parvulum,  453;  petiolare,  434. 437; 
Wolfii.  436 

Riddle,  L.  W.  Some  noteworthy  lichens 
from  Jamaica,  321 

Robinia  Pseudacacia,  275,  276 

Rock,  J.  F.  Hawaiian  trees — a  criti- 
cism, 545;  Notes  on  Hawaiian  Lobelioi- 
deae,  with  descriptions  of  new  spedes 
and  varieties,  229 

Rockia,  546. 

Rollandia  Humboldtiana,  232;  tnincata, 
234 

Romanzoffia  Leibergii,  452;  sitchensis. 
452 

Rondeletia  alatemoides,  21,  23. 24;  ameri- 
cana.  20.  31;  angustata,  21,  24;  avenia. 
26;  baracoensis,  22,  27;  bicolor,  22, 
30;  brachycarpa,  21,  24;  btixifolia.  25; 
calcicola,  21,  25;  camarioca,  22,  28: 
camagueyensis,  22,  30;  caneUaefolia, 

21,  24;  chamaebuxifolia.  22.  26;  Comb- 
sii,  22,  28;  correifolia,  21, 25;  hyj)oleuca, 

22,  29;  insularit,  22,  28;  intennlzta,  2a. 
26;  laevigata,  31;  Leoni,  21,  26;  lep- 
tacantha,  3i;Lindeniana.2i,25;  lomen- 
sis,  22,  27;  microdon,  30;  microphylla, 
21,  23;  nimanimae.  21,  26;  nipensis,  22, 
27;  odorata,  20,  22;  pachyphylla,  21. 
23;  pedicellaris,  21.  23;  peduncularis. 
21.  23;  Poitaei,27;  Poitaei  microphylla, 
28;  rigida,  22.  27:  Rugelii,  22,  28; 
savannamm,  22,  29;  Shaferi,  21,  23; 
speciosa,  22;  stellata,  21,  24,  25;  sub. 
glabra,  21,  24;  tinifolia,  22.  29;  trifolia. 
24;  umbellata.  25;  vacdaiifoUa,  22,  30; 
venosa.  22,  29;  yamuriensis,  21,  25 

Rondeletia  in  Cuba,  20 

Rosa  abietorum,  82;  Aldersonii,  66,  70, 
73.  80;  amplifolia,  82;  apiculata.  82,  83; 
Aschersoniana,  71;  Bolanderi,  68,  79; 
brachycarpa,  66,  71;  Breweri.  71; 
Bridgesii,  68,  73.  82,  83;  Brownli,  66. 
70;  calavera.  67,  72,  73;  calif ornica, 
66,  70-78;  calif omica  glabrata,  75; 
californica  Petersiana,  71;  Carolina,  382, 
383 ;  chrysocarpa,  67, 74;  Copelandii,  68, 
80;  crenulata,  82,  83;  dasypoda,  68.  82, 
83;  Davyi,   67,    76;    Dudleyi,   67,  73; 
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EngrlmannJ*  77;   Fcndleri,  77;   gland- 

tiJooA.  71;  KlaucidcrmU,  82;  granulata. 

68.    78:  frati-^Aima.   68.    76;    Gr««s«i, 

66.    71;  gymnocajpa,  68,  79,  8a;  fym- 

oncarpa    pubcucrtu,   83;    Ilelleri.    8a; 

laxa.  38 j;  leuropsim.  8a;  Macounii,  79. 

84;    minutiflora,    68;    minutifoUa,    81; 

inoha\'m«ia.  67.  75:  muriculata.  66.  67. 

6g;  myriantha.  67.  74.  751  nilida.  383; 

nutkaoa.   66.    69.    70;   obovata,   383; 

pilif^ra,    68.    80;    pinetorum.    67,   ^2; 

pi«catorla.  8a.  83;  pisocarpa.  67,  74-79: 

Priadai,    68,    79;    prionota.    68.    8a; 

rivaJU.  67.  74;  rotundata.  67.  76;  nibl- 

Kinf>«a.  66.  6q;  saUctonun,  68.  77;  tan- 

taa-crncit,  67,  73;  sonomen&is,  68.  81. 

83;  ipithamara.  68.  81;  til tramon tana. 

68,  77;  virginiana,  38a,  383-.  Woodsii. 

74.  75.  77 
Rubiacrac.  154 
Rubu«  acaulM,  450;  arctiru*.  450;  ('ham- 

arcnorus.  4S0,  cuneitoliu^.  51;  groidcs. 

50a.  510;  hawairn«ift.  235 
RudtjTikia  fUx-a.  to6 
Rumrxalpinus.  5o8;dcn«illorut.  104 
Rutacrar.  148 
Rydlirrgia    Brandcgd.   440;   grandiflora, 

107 
RvT»»KBf;.   P.   A.     Notm  on  R<>«arrar - 

XI,   65;    Ph>toK('<>Kraphiral    note*   on 

thr    Rocky    MounUiii     Rrgion — V'll. 

Formathm*  in  tbc  Sutjalpine  Zone.  431 

Sabbatia  lanrrf>Idta,  53 

SaKtna  •aginuidr^.  45a 

S^KittATia  riKida.  37a 

Saluacrar.  175 

Sttllffirnta  anibixua.  4a7;  drpre^^a,  4-17. 
rurDpora.  4^7;  IrutUtt^a,  ajO,  rubra. 
4a7;  i>rrrnni*.   ijft.  4J7 

fialtx.  a76;  al.ixrn»i«.  4(,n;  arliu***  ulunJr^. 
4So;  BarklrM,  4;(i;  liarrrttiana,  4<;o, 
brathv(ar{^,  4iS.  M7.  4491  ra-^  a«l»  n- 
u«,  44^.  t  til<ir(ipii\]la.  4S<>;  «  uinniutata. 
AS**,  tlrm-rtdfutn,  450.  I>runitiu»n»hand. 
4S'>;  Hrrnal'Iii.  4**;;  rlrxiji»..a.  irn).  it*;. 
177.  Itl*»<i' ■'!>•.  IJ'J.  n<H»l*.rriaria,  iih. 
4^n,  L**--!  It  r«  ij\ii.  I'-*^.  I'/i,  iinrMii- 
fclta.  4<;o,  nur.i,  tV-  ^*><  ^S,  iM-trupliila. 
44,1;  protf-.iriniia,  i7fi;  i»-<Mj*l<'lap- 
{Kmuni.  n<^;  pwiji)i»'ii\  f-irut*--,  %><}, 
iu,»irnont.iria  \i\  s*  ^-tn.ii.jiii  4^^  j  -i, 
lur^l\i     t    ■..  \\..l!ii.   4 1^.    4ift     4 1»> 

J^Icmmrua  I'i:''<f4.  iih,  tt»tirin-i«,  jff, 
ctmtmtjta'a.  i  -•  \ 

S*l»*  la  iir-fi'.  r.   *■;'/.  1  r.u-ii*,  379 

Sambuf  jj"  n»ii  ro'  .*tr>  ■«.  4  /a  4^S 

SanlaUtf  at     t  47 

SantaJum  »l,;.'i  'i"i,  147:  F  rr\(  in*  tian- 
um.  147,  t.a"' ..I  .iiar.  14;,  |i\r  i. an  jfii 
U7 

f«pm<la(  •  ai',  i  'n,   1  ^^. 


'  Sapindus  Morriiioni,  169.  x86;  oahucnsit, 

150;  Saponaria.  150 
Sapotaceae.  153 
Sarothra  gentianoides.  53 
Sarracrnia  flava.  5a,  55;  piirpurea.  53 
Sassafras  variifolium.  51 
Satureia  vulgaris.  386 
Savastana  odorata.  103 
Saxifraga  crrnua.  45a;  debilis.  45a 
Saxifragacrae.  147 

Scaevcola    ChamiMoniana.    156;   glabra. 
I      156;  procrra.  156 

Schiama  aduncum.  208;  juniprrinum. 
I  ao8,  219;  SendtneH.  ao6.  aia;  straroi- 
j  neuro.  191.  ao6  ao8,  aia 
Schroctcriaslrr  dngrns.  509;  Crotonis. 
I  508;  (jlochidii.  508;  mexicanus.  508; 
I      stratosus.  508 

Scirpus  cae^pitoAus.  448;  Eriophorum.  5a. 
;      55.    376;    novac-angliae.   375;   Olncyi. 
■      375;  paudflorus,  448.  45a 
Scdum    Btrnopetalum.     104.     107.     108; 
I      telrpbioidrs.  381 
Srlaginrlla  densa.  453 
Sendtnera     adunca     Dicksoniana.     ao8; 

adunca    Hutchinsiae.    a  14.    215;    juni- 

pcrina.  ao8,  aio.  ai9.  aai;  Sauteriana, 

aia;  straminra,  ao8 
Srn<H:io  ambrosioidcs,  436.  445:  amplec- 

tans,    434.    436.    441;   anadetus.    441; 

atratus.   440.   449;  cathamoides.   453; 

chlorantbuft.  441;  crawulus,  440.  449; 

crocalui*.  U)6.  444;  cyml>alarioides.  440, 

444;  feflifoltu-*.  445;  Flintii,  107;  foU<>- 

sus.  441;  Frwmontii,  453;  Ilarbourii. 

4S3;  Holmti,  447.  45);  HcK)krri.  441; 

inM-nuHiui.  4Si:  Jom'nii,  443;  lapathi- 

l»»lru«»,  441,  4  4g.  luKm**.  441;  mcgoccph- 

alu<«,    441;    inuttuapitatux,    441;    Nel- 

•»<>nii,  4  4i.  444;   i>*iu<  ill»>ru<i.  440;   prr- 

pli'ian^.  440;  [MTpU'xu*.  i<tO\  tirinKaU 

Im.    44«;.    4;;  4;    pM-u«laur«'U*,    4^8.   440; 

pi»<Ii<  ii-«.    441;     IVir'hian'i".     4;^.    4|0; 

hi  DptilimiH.    i»>^>;   S>lil.inflla.   447.   4^^; 

«alu-n««.   4M;   taiaxa*  umI*  *.   447;    trian- 

pulan-.    n>'»,   4<;i;   tonn-nto^ii-..    5J,    5<;; 

VM  rn»  f  ia«*t<>liij^    4  47 
">«**|ij<'ia    aiiii.  ^'iia.     171;    c-fK  inna.     i<»H, 

Wm^,   17J,  la»tit;iata.   I7i,  In  lrruph\  11a, 

Kh^    17a  * 
Mll-M*.    <   .    L,   &    Sll-VhSK,    N.    K.       Ibt* 

^H»tai'nal   vmrk  <•!    l-/ra   M  i.  tuniT.    S47 
"^iM' 1.  .la  priK  iiMi'»«  n-*.    \n     x  \h 
'->t''a  l-K^Mr-n     (7;  rh<'iun;!-ua.  ■>3 
*^i  Kill  •■  1  (  an    .  '.I,  los 
^i''«r-»xv  1  .11  aiiKi<  I"*  ,   I  ;  1 ,  <  cn-M-.Iu.   x'^\; 

rli%  111  ti"  • «  I  it.-iiii.      1,1,      "ai*  Jw  u  »  r*  *■, 

J  .  s    *('•'' '    iial'iin.   1  -  \ 
"^n  ♦•?    la    ti.iata.    '/<>.    I<m/,    n-j,    p-m.    4.«*, 

4  ;•».    Ill     t  U 
"^i:- I  f   .11  1    '   .      I'/i.  ,11,,   '-a      l~v     «     !■'   •». 

i,V,    I'"i:,    I   .1.    4  Vy.    411.1    .ai..i.    44"., 
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Menziesii,  437;  multicauUs.  445;  noctl- 
flora,  379;  oregana,  438,  441;  repens, 

438.  441 
Silphium  compositum,  53 
Sinapis  alba.  381 
Slsymbniim  Thalianum,  381 
Sisyrinchium  angustlfolium,  loi,  104,  378 
Sitanion    brevifolium,    103;    longifolium. 

103 
Smelowskia  americana.  446;  lineariloba, 

446;  lobata.  447;  ovalis.  447 
Smilax  laurifoUa,  51,  55;  Walteri,  51,  55 
Smith.  C.  P.    Studies  in  the  genus  Lupi- 

nus — I.    A  new  species  of  the  sub- 
genus Platycarpos,  405 
Solanaceae.  154 
Soianum  Carterianum,  154;  nigrum,  387; 

peregrinum,  387;  villosum,  387 
Solidago   ciliosa,   444;   decumbens,   445; 

concinna,  106,  108;  missouriensis.  106, 

107;  oreophila,  440,  444;  sp.,  53 
Some  factors  influencing  the  prevalence 

of  Endothia  gyrosa,  127 
Some  noteworthy  lichens  from  Jamaica. 

321 
Sophia  sophioides,  445 
Sophora  chr>'Sophylla,  148 
Sorbus  scopulina,  433.  435 
Sparganum  angustifolium,  452;  minimum. 

452 
Spathularia    Brunnoniana,    445;    Vree- 

landii,  443 
Spinellus,  246 
Spondias  mangifera,  510 
Sporobolus  asperifolius,  103 
Sporodinia  grandis,  242,  245,  251.  287 
Spraguea  multiceps,  443 
Standley,  p.  C.     The  Chenopodiaceae  of 

the  North  American  Flora,  411 
Stemodia  parviflora,  37 
Stenophyllus  floridanus,  53,  55 
Stenostomum  aristatum,  35;   obovatum, 

35 
Stephens,     N.     E.     Some     factors     in- 
fluencing the  prevalence  of  Endothia 

gyrosa,  127 
Stigmatidium  leiostictum.  322 
Stipa  minor,  103,  107,  442;  Nelsonii.  99, 

100,  103;  Tweedyi,  442;  viridula,  103 
Straussia  Fauriei,  155;  hawaiiensis,  155; 

llildcbrandii.  155;  kaduana.  155;  lepto- 

carpa,  155;  longissima,  155;  Mariniana, 

155;  onocarpa,  155 
Structure  and  development  of  the  plant 

association,  The,  463 
Studies  in  the  genus  Lupinus — I.     A  new 

species   of   the   subgenus   Platycarpos. 

405 
Studies  of  West  Indian  plants — IX,  i 
Styphelia  tameianieia,  153 
Suacda  intermedia,  428 
Suttonia  Fernseei.  153;   Hillebrandii,  153; 


kauaiensis,  153;  Knudsenil,  153;  lanai- 
ensis.  153;  lanceolata,  153;  I>s8C3tiana, 
1 53 ;  sandwicensis.  1 53 ;  spathulata,  x  53 ; 
volcanica.  153;  Wawraea.  IS3 

Swertia  congesta,  448;  BcopoUna.  448 

Syncephalis  comu.  251.  287 

Syntherisma  sanguinale,  52 

Synthyria  dissecta.  447;  ladniata.  444* 
447;  plantaginea.  453;  pinnatifida.  444* 
447;  reniformis.  447 

Taraxacum    ammophilum.    440;    scopu- 

lorum.  444;  Taraxacum.  loa.  to6.  108 
Taxodium  ascendens,  50,  55;  distich um, 

50,55 
Tecoma  radicans,  51,  55 
Telesonix   heucheriforme.   453;   Jamesii, 

453 
Teloxys  comuta.  417 
Tephrosia  angustifolia,  337 
Teramnus  uncinatus.  509 
Tetragonia  expansa,  379 
Tetraplasandra  hawaiiensis,  152;  kaalae. 

152;   lanaiensis,    152;   Lydgatei,    152; 

meiandra.  152;  oahuensis,  152;  waialea> 

lae,  152;  waimeae,  152 
Thalictrum  alpinus.  448,  450;  dasycar- 

pum,    380;   Fendleri,    100.    lOi.    104; 

revolutum,  380;  sparsiflorum,  433 
Thamnidium.  287 
Theaceae,  151 
Thelotrema    chronostoma,    325;    platy- 

carpoides,  325 
Thermopsis  divaricarpa,  99-108 
Thespesia  populnea,  151 
Thlaspi  calif ornicum,   441,   442;  colora- 

dense,   446;   glaucum.   439,  442;  pur- 

purascens,  446 
Three  eriocaulons  from  the  Isle  of  Pines, 

31 
Thymelaceae,  151 
Tillandsia  usneoides,  52,  55 
Tium  alpinum,  99-108,  433,  436 
Tofieldia  intermedia,  449 
Tonestus  laceratus,  447 
Tormentilla  erecta,  503,  504 
Townsendia   florifer.    447;   incana,    442; 

Parryi,  445.  447 
Toxylon  pomiferum,  509 
Trema  amboinensis,  146 
Trifolium,  538,  540;  bracteolaturo.  447 

Brandegei,    444;    dasyphyllum,    447; 

lividum,   447;   Haydeni,  441;  monta- 

nense,  445;  Parryi,  444;  pratense,  106, 

108,  539;  repens,  100.  106.  108;  stenolo- 

bum,  447 
Trisetum   majus,   439;   montanum,   438; 

subspicatum,  103,  439 
Triticum  vulgare,  483 
Trollius  albiflorus,  448 
Trypet helium  verrucosum.  325 
Typha  latilolia,  53,  55 
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Ulmaceae,  146 

Ulmtu  campestris,  289 

I'rrdinaceac.  508 

I.' redo    ArBchynorocnis.    509;    Brideliac. 

509;  CrotolarJa^,  509;  fenestrala.  508; 

ficiiui.   509;  Fici,  509;  Lanneae.  510; 

obcuaa.  503;  Spondiadis,  510;  Vignae. 

S09 
Urerm  tandwicensU,  147 
IVomycrsalpinus,  508 
Urticacvae.  147 

Vaccaria  Vaccaria.  380;  vulKaris.  380 
Vacdnium  campitoeum.  107.  433;  globu- 

buY.  434;  occidentals  434;  oreophilum. 

433;  icopariuni.  433.  435.  437;  uUgi- 

nuaum.  450;  V'itin-Idaea,  450 
V'agneta  strllaU.  433.  436.  437 
V'ahlbercUla  Kingi.  444;  montana.  444 
Valeriana  acutUoba.  445;  edulis.  440.  444; 

(urfuraAcens,  99,  100,  101,  106;  micran- 

tha,  106;  ovata.  434;  purpurancens,  436; 

•epcenuionalis.  445 
Veratnim  BpecJotium,  437.  439;  tenuipeta- 

lum.  440 
Vemonia  angustifolia.  5a 
Veronica  americana.  448.  451.  4S2:  ncutel- 

lata.  453;  nerpyllitolia,  433.  436;  Tour- 

nHortJi.  36;  Wormskioldii,  440.  449.  452 
Verrucaria ceatrrnsifl.  551;  ochraceo-flava. 

Viburnum  nudum.  51,  55 


Vicia  americana.  538.  540;  anguitifolia, 

383;  angustifolia  aegetalis.  383;  Cracca, 

384 
Viola  adunca,  445*  447;  bcUidifoUa.  440; 

flavovirens.    454;    neomexicana.    433, 

436;  tricolor.  384 
ViUs  Veitchii.  268 

Wbathbrwax,  p.  The  development  of 
the  spikeletfl  of  2>a  Mays,  483 

Widdringtonites  Reichii,  173;  subtUJs. 
X69.  173 

Wikstroemia  furcata.  152;  oahuenais.  151 ; 
sandwicensis,  151 

Xanthoxylum  dipetalum.  149;  glandulo* 
sum.  149;  bawaiiensc.  148;  kauaiense, 
149;  mauienjte.  149;  oahuense.  148 

Xenophyllum  Uouglajiii.  435.  445;  tenax. 
435.  445 

Xylosma  hawaiiense.   151;  Hillebrandii, 

151 

Xyris  8p.,  52 

Zea  Mays.  The  development  of  the  spike- 

lets  of.  483 
Zenobia  cassinifolia.  52,  55 
Zornia  diphylla.  338 
ZyKadenus  Klal>eiTimus,  53 
Zygorhynchu^  heterogamus.  247;  MiUeri. 

247;  Vuillemini.  251.  308 
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